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(57)Abstract: 

PROBLEM TO BE SOLVED: To expand passing bandwidth and improve tine 
degree of suppression outside tine passing band at tine same time by adding an 

inductance in series with a 1st surface acoustic wave resonator, and specifying 
the arrangement position of a reflector and the film thickness of an exciting 
electrode. 

SOLUTION: On a serial arm 61, one terminal-to-surface acoustic wave 
resonators R2 and R4 are arranged. On parallel arms 62 to 64, one terminal-to- 
surface acoustic wave resonators R1 , R3, and R5 are arranged. Further, 
inductances LI to L3 are arranged on the parallel arms 62 to 64 while connected 
to the resonators R1 , R3, and R5. Then a reflector of a 1st surface acoustic wave 
resonator is arranged at a distance d=(n+|3).A (n is an integer, p is a real number 
<1 , and A is a cycle of a comg-type electrode corresponding to a resonance 
frequency), where p is substantially 0.4, from the exciting electrode, which is so 
constituted as to a film thickness ^0.06 as thick as an electrode cycle. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st 1 terminal-pair surface acoustic wave resonator which has 
predetermined resonance frequency on a juxtaposition arm In the surface 
acoustic wave filter of the ladder mold which comes to allot the 2nd 1 terminal- 
pair surface acoustic wave resonator which has the resonance frequency which 
carries out abbreviation coincidence in the antiresonant frequency of this 1st 
resonator to a serial arm An inductance (LI) is added to the 1st surface acoustic 
wave resonator (R1 B) at a serial, this ~ The 1st surface acoustic wave resonator 
is consisted of a central excitation electrode (131) and a reflector (132,133) of 
these both sides, and ~ this ~ When setting the pitch of this and this excitation 
electrode to d=(n+beta) -lambda (period of the Kushigata electrode here 



corresponding to [ n ] resonance frequency in lambda corresponding to tine one 
or less real number in an integer and beta) for this reflector, It is the surface 
acoustic wave filter characterized by having allotted the location where beta 
becomes parenchyma top 0.4, and considering this excitation electrode as the 
configuration which has 0.06 or less times [ of an electrode period ] thickness. 
[Claim 2] the reflector in which the 1st 1 terminal-pair surface acoustic wave 
resonator formed in the juxtaposition arm was formed with the same electrode 
material as the both sides ~ having - this - the surface acoustic wave filter 
according to claim 1 characterized by to consider the excitation electrode and the 
reflector which constitute the 1st surface acoustic wave resonator as the 
configuration whose ingredient is the product made from aluminum alloy which 
mixed the dissimilar metal several% by the product made from aluminum, or the 
weight ratio, and whose thickness is 0.06 to 0.09 times the electrode period. 
[Claim 3] the reflector in which the 1st 1 terminal-pair surface acoustic wave 
resonator formed in the juxtaposition arm was formed with the same electrode 
material as the both sides ~ having ~ this ~ the surface acoustic wave filter 
according to claim 1 characterized by considering the excitation electrode and 
reflector which constitute the 1st surface acoustic wave resonator as the 
configuration whose ingredient is a product made from Au, and whose thickness 
is 0.0086 to 0.013 times the electrode period. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave filter of 
the ladder mold which is applied to a surface acoustic wave filter, especially can 
be applied to the filter of RF (radio-frequency head) of small mobile wireless 
devices, such as a land mobile radiotelephone and a cellular phone. The range 
of **8.5MHz of one example of the specification of a current domestic automobile 
and cellular phone is a transmitting band focusing on 933.5MHz. When it is made 
fractional band width, it is about 2%. 

[0002] A surface acoustic wave filter needs to be the property that the above- 
mentioned specification is fulfilled, ** pass band width makes it fractional band 
width, and, specifically, it is needed 2% or more, large being a thing, that ** loss 
is as low as 1 .5-2dB or less, and that whenever [ ** oppression ] is as high as 
20dB - 30dB or more. In order to fill this demand, the resonator mold with which 
the surface acoustic wave filter constituted this in the ladder mold instead of the 
conventional transversal mold, using a surface acoustic element as a resonator 
is ******(ed). 
[0003] 

[Description of the Prior Art] Drawing 70 shows the equal circuit of the surface 
acoustic wave filter 1 indicated by JP,52-19044,A. This filter 1 is the configuration 
which has arranged the surface acoustic wave resonator 3 on the serial arm 2, 
and has arranged the surface acoustic wave resonator 5 on the juxtaposition arm 
4, and made size equivalence juxtaposition capacity COB of the resonator 5 of 
the juxtaposition arm 4 from the equivalence juxtaposition capacity COA of the 
resonator 3 of the serial arm 2. 

[0004] This filter 1 has the property shown in drawing 71 by the line 6. 
[0005] 



[Problem(s) to be Solved by the Invention] In the above-mentioned filter 1, if 
equivalence juxtaposition capacity COB is made into size so that it may mention 
later, as an arrow head 7 shows, whenever [ oppression ] can be raised. 
However, if this capacity COB is increased, as pass band width becomes narrow 
as an arrow head 8 shows, and an arrow head 9 shows, loss will increase, and a 
property will become as [ show / a line 10 ]. 

[0006] If it is going to set whenever [ oppression ] to 20dB or more, pass band 
width will be made into fractional band width, and will become 1% or less, and it 
will become impossible to fulfill the specification of the above-mentioned 
automobile cellular phone. Then, this invention aims at offering the surface 
acoustic wave filter which can attain expansion of pass band width, and the 
improvement in whenever [ outside a passband / oppression ] to coincidence. 
[0007] 

[Means for Solving the Problem] Invention according to claim 1 the 1st 1 
terminal-pair surface acoustic wave resonator which has predetermined 
resonance frequency on a juxtaposition arm In the surface acoustic wave filter of 
the ladder mold which comes to allot the 2nd 1 terminal-pair surface acoustic 
wave resonator which has the resonance frequency which carries out 
abbreviation coincidence in the antiresonant frequency of this 1st resonator to a 
serial arm An inductance (LI) is added to the 1st surface acoustic wave 
resonator (R1 B) at a serial, this ~ The 1st surface acoustic wave resonator is 
consisted of a central excitation electrode (131) and a reflector (132,133) of 
these both sides, and ~ this ~ When setting the pitch of this and this excitation 
electrode to d=(n+beta) -lambda (period of the Kushigata electrode here 
corresponding to [ n ] resonance frequency in lambda corresponding to the one 
or less real number in an integer and beta) for this reflector, It is the surface 
acoustic wave filter characterized by having allotted the location where beta 
becomes parenchyma top 0.4, and considering this excitation electrode as the 
configuration which has 0.06 or less times [ of an electrode period ] thickness. 
[0008] In claim 1, the 1st 1 terminal-pair surface acoustic wave resonator formed 



in the juxtaposition arm invention according to claim 2 tine reflector formed with 
the same electrode material as the both sides ~ having -- this - the excitation 
electrode and reflector which constitute the 1st surface acoustic wave resonator 
It is the surface acoustic wave filter characterized by considering as the 
configuration whose ingredient is the product made from aluminum alloy which 
mixed the dissimilar metal several% by the product made from aluminum, or the 
weight ratio, and whose thickness is 0.06 to 0.09 times the electrode period. 
[0009] the reflector in which invention according to claim 3 was formed in claim 1 
with the electrode material as the both sides with the 1st same 1 terminal-pair 
surface acoustic wave resonator formed in the juxtaposition arm - having - this - 
- it is the surface acoustic wave filter characterized by considering the excitation 
electrode and reflector which constitute the 1st surface acoustic wave resonator 
as the configuration whose ingredient is a product made from Au, and whose 
thickness is 0.0086 to 0.013 times the electrode period. 
[0010] 

[Embodiment of the Invention] First, the basic principle of this invention is 
explained. Drawing 1 shows the principle configuration of the surface acoustic 
wave filter 20 of this invention. 21 is the 1st end bomblet nature surface wave 
resonator, has the predetermined resonance frequency frp, and has allotted it to 
the juxtaposition arm 22. 23 is the 2nd end bomblet nature surface wave 
resonator, has the resonance frequency fas which carries out abbreviation 
coincidence in the antiresonant frequency frp of the 1st resonator 21 , and has 
allotted it to the serial arm 24. 25 is an inductance, is added to the 1st resonator 
21 at the serial, and is allotted to the juxtaposition arm 22. 
[001 1] The principle in which the circuit which has a 1 terminal-pair surface 
acoustic wave resonator in a serial arm and a juxtaposition arm has a filter shape 
is as follows. Since it is required also for principle explanation of this patent, this 
principle is described in detail here. In order to evaluate whether a resonance 
circuit shows a filter shape, it is easy to understand an approach with an image 
parameter. This approach is stated to "the theory of a filter and design" (SANPO 



PUBLICATIONS: the electronics selected books, 1974 issue) by Yanagisawa etc. 
in detail. 

[0012] A principle is expressed based on this below. The fundamental ladder 
mold circuit which shows a filter shape is shown in drawing 2 . In this drawing, 
the black boxes of a slash are the surface acoustic wave resonators 30 and 31. 
Now, for simplification of explanation, a surface acoustic wave resonator is 
assumed to be a reactive circuit without a resisted part, and admittance of the 
resonator 31 of Z=jx and a juxtaposition arm is made into Y=jb for the impedance 
of the resonator 30 of a serial arm. 

[0013] According to the image parameter method, they are VI, II, and an output 
side about an input-side electrical potential difference and a current, respectively 
V2 and 12 It is [0014] when it carries out (refer to drawing 2 ). 
[Equation 1] 

e xp (r) = VVi • 1 1 • 1 2 ) -(1) 

[0015] The amount gamma of image transmissions (complex) come out of and 
defined has important semantics. Namely, [0016] 
[Equation 2] 

t a n h Cr) = t a n h ia + i IB) 

= V CBxC) X (AxUJ -(2) 

[0017] In a ** type, if the value expressed with this formula is an imaginary, the 

whole one terminal pair network pair-of-observations way of drawing 2 shows a 

passage property, and if it is the real number, a damping property is shown. Here, 

the notation of A, B, C, and D is the four terminal constants when expressing the 

whole circuit of drawing 2 with an F matrix, and when it expresses each with the 

above-mentioned x and b here, it is as follows. 

A=1 B=jxC=jbD=1-bx~ (3) 

Therefore, (2) types turn into a degree type. 

[0018] 

[Equation 3] 



t anh (r) - Vbx/ tbx-lJ ••(4) 

[0019] (4) A formula shows that, as for the whole circuit of drawing 2 , x indicates 
a passage property to be 0<bx<1, i.e., b, at a same sign at the small time of a 
value, and a damping property is shown at the time of bx <0 or bx>1 , i.e., when b 
and X are values with big opposite sign or bx product. In order to know b and the 
frequency characteristics of x qualitatively further here, the impedance of a 
surface acoustic wave resonator and the frequency characteristics of admittance 
are investigated. 

[0020] A 1 terminal-pair surface acoustic wave resonator consists of Kushigata 
electrodes 40 as shown in drawing 3 (A) (it indicates to P.76 to P. 98 of the Nikkei 
electronics magazine November 29, 1976 issue). 41 is an electrode pair, 42 is 
opening length (crossover width of face), and 43 is the Kushigata electrode 
period. This Kushigata electrode's disregard of a resisted part expresses it in the 
equal circuit 45 as generally shown in drawing 3 (B). It is CO here. The 
electrostatic capacity of the Kushigata electrode, CI, and LI It is an equivalence 
constant. 

[0021] It expresses with the notation 46 which shows this equal circuit 45 
hereafter to drawing 3 (C). Drawing 4 (A) and (B) show qualitatively the 
impedance when expressing the Kushigata electrode in an equal circuit like 
drawing 3 (b), and frequency dependent [ of admittance ], respectively. The 
property of this drawing turns into the double resonance characteristic which has 
two resonance frequency fr and fa like the resonator by Xtal. fr is called 
resonance frequency and fa is called antiresonant frequency here. If a resonator 
with such the double resonance characteristic is arranged on a serial arm and a 
juxtaposition arm, respectively and the resonance frequency frs of a serial arm is 
made to carry out abbreviation coincidence of the antiresonant frequency fap of a 
juxtaposition arm further, the circuit which shows the filter shape of the bandpass 
mold which makes it center frequency can be constituted. The reason is that 
0<bx<1 is filled, become a pass band from the above-mentioned conditions near 



the center frequency which is fap**frs, and it becomes bx>1 from center 
frequency in the frequency domain from which a few was separated, becomes 
[ both ] bx<0 in the greatly distant field, and becomes a decay area as shown 
also in drawing of the frequency characteristics of the IMMI wardrobe of drawing 
5(A). 

[0022] Therefore, the surface acoustic wave filter 1 of a configuration of being 
shown in drawing 1 has qualitatively the filter shape shown in the drawing 5 (B) 

median line 47. 

[Pass-band-width determinant] Next, the bandwidth determinant in such a 

resonator mold surface acoustic wave filter is considered. 

[0023] The bandwidth is mainly determined with the difference of the resonance 

frequency fr and antiresonant frequency fa in each resonator so that drawing 5 

may also show. If this large difference can be taken, a bandwidth will serve as a 

broadband widely, and it will become a narrow-band if small, fr and fa can be 

determined from a degree type here using the equivalent circuit constant of 

drawing 3 (B). 

[0024] 

[Equation 4] 

f r= 1/ (2 ■ ;r V (fJi xL, ) ) -(5) 
f a=f r • V Cl + l/r) - (6) 

7 =C« /C, :^mit - (7) 

[0025] Since fractional band width (deltaf/fO) is mainly decided from the 
difference of fr and fa, it is expressed like a degree type using (6) and (7) types. 
deltaf/fO =2 (fa-fr)/(fa+fr) 

**2/(4gamma+1) ~ (8) 

It becomes the important factor to which gamma (capacity factor) decides 
fractional band width to be clear from an upper type. However, this value will be 
mostly decided by the class of substrate ingredient which forms the Kushigata 
electrode as indicated by JP,52-19044,A. For example, with ST cut Xtal with the 
small electromechanical coupling coefficient of an ingredient, gamma is the 36- 



degreeYcut-x propagation LiTaOS with a big electromeclianical coupling 
coefficient to becoming 1300 or more, gamma becomes tine value of the 15th 
place. Fractional band width is 0.04% and the 36-degreeYcut-X propagation 
LiTaOS with ST cut Xtal from (8) types. It becomes 3.3% then. Therefore, if a 
substrate ingredient is decided, bandwidth will be determined mostly. 
[0026] And if equivalence juxtaposition capacity COB is made into size as 
indicated by JP,52-19044,A in order to raise whenever [ out of band oppression ], 
bandwidth will become narrow rapidly. This is explained in detail using drawing 6 . 
fr and fa of a parallel resonance machine have been fixed so that clearly also 
from the above-mentioned principle explanation. Although the magnitude of 
attenuation will increase and a property will become good since bx product 
increases by negative if out of band as shown in drawing 6 (A) if the admittance 
value is enlarged (the opening length or logarithm of the Kushigata electrode is 
increased fixing gamma for increasing an admittance value, and electrostatic 
capacity CO is enlarged) Since bx product increases by forward near the center 
frequency, the field of bx>1 spreads, the pass band which becomes 0<bx<1 as a 
result narrows, and it becomes impossible to take a band enough. This situation 
is expressed with the arrow head in drawing 6 (B). 

[0027] [an improvement of pass band width] - as one means to solve the above 
point ~ the resonator of ** serial arm -- or the difference of fr and fa of one [ the 
resonator of a juxtaposition arm, which, or / at least ] resonator - extending -- 
and ** - it is required to fulfill two conditions of enlarging the impedance value or 
an admittance value. The reason for enlarging an impedance value and an 
admittance value is for enlarging the magnitude of attenuation out of band. The 
magnitude of attenuation out of band can be improved without narrowing 
extending a passband, if this is realizable. 

[0028] First, as an approach of extending fr of the resonator which are the 
conditions of **, and the difference of fa, the approach of adding an inductance L 
at a serial is effective in a 1 terminal-pair surface acoustic wave resonator. The 
impedance when connecting 8nH(s) as L at a serial and frequency change of 



admittance are shown in a 1 terminal-pair surface acoustic wave resonator at 
drawing 7 (A) and (B). Eacli constant of the equal circuit of the surface acoustic 
wave resonator used for count is shown in this drawing. 
[0029] A line 50 shows the impedance characteristic before adding L among 
drawing 7 (A). A line 51 shows the impedance characteristic after adding L. 
Drawing 7 (B) and a line 52 show the admittance property before adding L. A line 
53 shows the admittance property after adding L. From drawing 7 (A), by adding 
L shows that spacing of fr and fa has spread. In this case, it expanded by about 
30MHz. When L joins a serial, as a result of the impedance of only the original 
resonator being able to pull up to + side only for omega L minutes, this reason is 
because fr changed to fr', so that clearly from the frequency characteristics of the 
impedance of this drawing (A). At this time, fa hardly moves. Since the 
admittance which is the inverse number of an impedance is also the same, it 
changes, as shown in this drawing (A). It turns out clearly that fr is changing to fr' 
also in this case. 

[0030] Next, although it is the conditions of **, the admittance value is large by 
adding L so that clearly also from drawing 7 (B). However, if an impedance value 
is out of band as shown in drawing 7 (A), it is small conversely. Therefore, in 
applying this approach to the resonance circuit of a serial arm, the approach of 
enlarging needs an impedance value further. It is solvable by connecting two or 
more same surface acoustic wave resonators to a serial at it. 
[0031] A line 55 shows the impedance characteristic of one resonator among 
drawing 8 . A line 56 shows the impedance characteristic of the resonance part 
at the time of connecting n resonators to a serial. As shown in drawing 8 , the 
impedance value of the resonator section increases n times by connecting n 
resonators. On the other hand, about the difference of fa and fr, although the 
flare of the resonance frequency when connecting L becomes a little narrower 
than fr" and fr' in the case of one resonator, the large difference of fa and fr can 
be taken rather than the time of not connecting L. If required, the difference of fa 
and fr will become still larger by increasing the value of L. 



[0032] as 2nd means to expand pass band width, it is sliown in drawing 44 - as - 
- antiresonant frequency fap of a juxtaposition arm resonator Serial arm 
resonance frequency frs abbreviation coincidence is carried out ~ not mal<ing ~ 
frs >fap ** -- how to carry out can be considered. However, frs >fap When it 
carries out, as shown also in drawing 44 , it is set to bx<0 near the center 
frequency, and there is risk of stopping fulfilling the above-mentioned pass band 
conditions, and loss and a ripple increasing. 

[0033] However, it is possible to prevent the increment in a ripple in the 
increment in loss and a list, and to realize expansion of a passband on 
parenchyma, by controlling the magnitude of deltaf as frs-fap =deltaf. Moreover, 
the improvement of whenever [ out of band oppression ] is also realizable for 
coincidence with expansion of deltaf. It mentions later in the example 1 1 for 
details. 

[0034] Hereafter, a concrete example explains the contents of this invention. 
Simulation performed most examples. Then, while describing briefly the 
simulation first used for this invention, in order to prove the justification of 
simulation, the comparison with an experiment is shown. Although the equal 
circuit shown in drawing 3 (B) can carry out simulation of the property of a 1 
terminal-pair surface acoustic wave resonator simple, it is difficult to carry out 
simulation of the effectiveness of a reflector etc. to change lists, such as a 
logarithm of the Kushigata electrode which constitutes a resonator, opening 
length, and electrode layer thickness, correctly. Then, the artificer etc. applied 
this to the resonator using the approach of expressing with a transfer matrix on 
the basis of Smith's already developed equal circuit (O. let this be reference (1) 
with reference to Ikata et al.:1990 ULTRASONIC SYMPOSIUM Proceedings, 
vol.1, pp 83-86, and . (1990).). 

[0035] Drawing 9 (A) shows the result of the simulation at the time of arranging a 
1 terminal-pair surface acoustic wave resonator on a juxtaposition arm. Drawing 
9 (B) arranges the 1 terminal-pair surface acoustic wave resonator with which an 
ingredient becomes a juxtaposition arm from the Kushigata electrode aluminum- 



2%Cu and whose thickness are 1600A, and shows the result of the experiment 
at the time of connecting a bonding wire (L=1.5nH) with a die length of 3mm 
further to this resonator. 

[0036] It turns out that an experimental value and calculated value are well in 
agreement with comparing drawing 9 (A) and (B) about a motion of the 
resonance point (the inside fr1 of drawing, fr2, and frS showed) by opening length 
change, or the magnitude of attenuation near the resonance point. Drawing 10 
(A) shows the result of the simulation at the time of arranging a resonator on a 
serial arm. Since the bonding pad used in the experiment mentioned later was a 
little large, in simulation, the 0.5pF capacitor is taken into consideration as the 
stray capacity. 

[0037] Drawing 10 (B) shows the result of the experiment at the time of 
connecting a resonator to a serial arm. They are antiresonant frequency fal , fa2, 
and fa3 for comparing drawing 10 (A) and (B). It turns out that the point 
independent of opening length, change of the magnitude of attenuation near the 
antiresonant frequency, etc. are well in agreement with an experiment. Therefore, 
it is clear that the filter shape when combining these is also well in agreement 
with an experiment, and subsequent examples were performed in simulation. 
[0038] [Example 1] Drawing 1 1 shows the surface acoustic wave filter 60 which 
becomes the 1st example of this invention. When one example is given in the 
specification of current, and a domestic domestic automobile and cellular phone, 
the range of **8.5MHz makes center frequency 878.5MHz which separated - 
55MHz from there in the transmitting band of a mobile equipment by making 
933.5MHz into center frequency, and there is a specification of a receiving band 
in the range of **8.5MHz. 

[0039] This example is designed so that it may be suitable for the transmitting- 
side filter of the above-mentioned mobile equipment. Other examples mentioned 
later are the same. It is the 1 terminal-pair surface acoustic wave resonator R2 to 
the serial arm 61. And R4 It has allotted. It is the 1 terminal-pair surface acoustic 
wave resonator R1 , R3, and R5 to the juxtaposition arms 62, 63, and 64, 



respectively. It has allotted. 

[0040] L1, L2, and L3 It is an inductance and is a resonator R1, R3, and R5, 
respectively. It connects and has allotted the juxtaposition arms 62, 63, and 64. 
Resonator R1 -R5 It has the Kushigata electrode structure shown in drawing 3 
R> 3 (A). A logarithm is 100 and opening length is 80 micrometers. An ingredient 
is aluminum-2% Cu and thickness is 3,000A. 

[0041] Moreover, the period of the Kushigata electrode is defined suitably and it 
is each resonator R1 in the juxtaposition arms 62 and 63 and 64, R3, and R5. 
Resonance frequency is set to 912MHz and antiresonant frequency is set to 
934MHz. Each resonator R2 in the serial arm 61, and R4 Resonance frequency 
is set to 934MHz and antiresonant frequency is set to 962MHz. 
[0042] An inductance LI , L2, and L3 They are both 4nH(s). The surface acoustic 
wave filter 60 of the above-mentioned configuration has the passage property 
shown by the line 65 among drawing 1212 . When inductances L are 2nH(s) and 
6nH, the passage property of the filter 60 of drawing 1 1 becomes as [ show / 
lines 66 and 67 ] among drawing 12 , respectively. 

[0043] If L dependency over pass band width is expressed based on drawing 12 , 
it will become as [ show / the line 70 of drawing 13 (A) ]. Here, the frequency 
span in the level of the magnitude of attenuation which fell by -3dB from the 
minimum insertion loss was made into pass band width. Similarly, if L 
dependency over whenever [ out of band oppression ] is usually expressed 
based on drawing 12 , it will become as [ show / the line 71 of drawing 13 (B) ]. 
[0044] If L is enlarged not much so that drawing 12 may show, it will become 
impossible to take enough the oppression field by the side of 55MHz low 
frequency from center frequency. Then, L is set to 4nH(s) as mentioned above. 
In addition, the value of L is suitably chosen according to the specification of a 
filter. The passage property of the filter 1 of a configuration becomes as [ show / 
the drawing 12 median line 68 ] conventionally which is shown in drawing 70 . 
[0045] It turns out that pass band width is wide among drawing 12 as the filter 60 
of this example shows the passage property (line 65) of the filter 60 of this 



example by the arrow head 75 compared with the conventional filter as 
compared with the passage property (line 68) of the conventional filter, whenever 
[ outside a passband / oppression ] is high as an arrow head 76 shows, and loss 
is low as an arrow head 77 moreover shows. Drawing 14 and drawing 15 show 
the surface acoustic wave filter equipment 80 which realized the surface acoustic 
wave filter 60 of drawing 1 1 . 

[0046] It is the lid on which a ceramic package functions in 81 and a filter chip 
and 83 function as a ground in 82. A ceramic package 81 is a product made from 
an alumina ceramic, and size is 2 5.5x4mm. Height is as small as 1.5mm. The 
electrode terminal 84-1 to 84-6 made from Au is formed in this ceramic package 
81. 

[0047] The filter chip 82 is LiTaOS. It is make and size is 2 2x1 .5mm. Thickness 
is 0.5mm. On the front face of this filter chip 82, it shifts and resonator R1 -R5 in 
which 100 and opening length have [ a logarithm / 80 micrometers and an 
ingredient / aluminum-2%Cu and thickness ] the Kushigata electrode structure 
which is 3,000A are arranged so that the propagation way of a surface acoustic 
wave may not be shared mutually. 

[0048] Moreover, two terminals 85-1 for signal lines as a terminal for bondings, 
85-2 and three terminals 85-3 for a ground, 85-4, and 85-5 are formed in the front 

face of the filter chip 82. It is a bonding wire, and is aluminum or a product made 
from Au, and a path is 25micrometerphi, bonding of 86-1 to 86-5 is carried out to 
a terminal 84-1 to 84-5, and a terminal 85-1 to 85-5, and it is connected to them, 
respectively. 

[0049] Among these, a wire 86-1 and 86-2 constitute a part of serial arm 61a and 
61 61b in drawing 1111, respectively. The wire 86-3 is connected between the 
electrode terminal 84-3 for a ground, and 85-3, the wire 86-4 is connected 
between the electrode terminal 84-4 for [ another ] a ground, and 85-4, and the 
wire 86-5 is connected between the electrode terminal 84-5 for [ another ] a 
ground, and 85-5. 

[0050] This wire 86-3 to 86-5 has [ both ] die length as long as 2.0mm. Thus, 



according to the theory of a RF, a thin and long wire has a part for an inductance. 
According to the theoretical formula (Kuraishi: indicate to P199 of a science-and- 
engineering lecture and "example periphery microwave circuit" Tokyo Denki 
University Press) of an air ribbon inductor, the inductance of the above- 
mentioned wire 86-3, 86-4, and 86-5 serves as about 1 nH. 
[0051] In order to obtain the inductance of 4nH(s), this is insufficient, and L on a 
ceramic package which is illustrated to drawing 40 and drawing 41 which are 
mentioned later, and a filter chip was used. Thus, the inductance LI in drawing 
11 , L2, and L3 It constitutes. 

[Example 2] Drawing 16 shows the surface acoustic wave filter 90 which 
becomes the 2nd example of this invention. 

[0052] The same sign is given to the component shown in drawing 1 1 , and a 
corresponding part among drawing. Resonator R2 in the serial arm 61 Opening 
length AS It is 80 micrometers. In the juxtaposition arm 62, they are resonator 
R1A and an inductance L1. It connects with a serial and has allotted. Resonator 
R1A is the opening length AP. It is 120 micrometers. 

[0053] Opening length AP Opening length AS It is long and is the opening length 
AS. They are 1.5 times. In addition, resonator R2 And the logarithm NP of R1A 
and NS It is 100 both and is equal. This filter 90 has the passage property shown 
by the line 91 among drawing 17 . Without changing pass band width as 
compared with the passage property of the filter 60 of drawing 1 1 which shows 
this passage property by the line 65, as an arrow head 92 shows, it turns out that 
whenever [ passband external suppression ] is improved. 
[0054] Drawing 18 shows the opening length dependency of the passage 
property of the filter of the configuration of drawing 16 . the ratio [ as opposed to / 
/ as this drawing (A) is shown in drawing 16 , when L is added, as it is shown in 
drawing 42 , when L is not added / the opening length (AS) of each serial arm 
resonator ] of the opening length (AP) of a juxtaposition arm resonator ~ AP/AS 
The relation of whenever [ out of band oppression ] is shown. 
[0055] Whenever [ out of band oppression ] becomes as [ show / a line 93 ], 



when it becomes as [ show / when the inductance L of 4nH is added / a line 92 ] 

and the inductance L is not added. IVIoreover, drawing 18 (B) is AP/AS. Relation 

with pass band width is shown. Pass band width becomes as [ show / a line 96 ], 

when it becomes as [ show / when the inductance L of 4nH is added / a line 95 ] 

and the inductance L is not added. 

[0056] Drawing 18 (A) and (B) show the following things. 

** Opening length AP of resonator R1 A in the juxtaposition arm 62 Resonator R2 

in the serial arm 61 Opening length AS Whenever [ out of band oppression ] 

increases by lengthening. 

** It is an inductance LI to the juxtaposition arm 62. By adding, it compares, 
when it does not have an inductance, and it is the opening length AP of resonator 
R1A. The effectiveness of increase becomes large and, moreover, most 
degradation of bandwidth does not have it. 

[0057] The above thing also shows having the passage property whenever 
[ whose / passband external suppression ] increased, without the filter 90 of the 
above-mentioned example narrowing pass band width at all compared with the 
filter 60 of drawing 1 1 . 

[Example 3] Drawing 19 shows the surface acoustic wave filter 100 by the 3rd 
example of this invention. 

[0058] The same sign is given to the component shown in drawing 1 1 and 
drawing 16 , and a corresponding part among drawing. Resonator R2 of the 
serial arm 61 Logarithm NS It is 100. In the juxtaposition arm 62, they are 
resonator RIB and an inductance LI. It connects with a serial and has allotted. 
Resonator RIB is Logarithm NP. It is 150 and is the above-mentioned resonator 
R2. Logarithm NS And they are the 1.5 times. 

[0059] In addition, resonator R2 And opening length AS and AP of R1A It is both 
80 micrometers and is equal. This filter 100 has the passage property shown by 
the line 101 among drawing 20 . Without narrowing pass band width as 
compared with the passage property of the filter 60 of drawing 1 1 which shows 
this passage property by the line 65, as an arrow head 102 shows, it turns out 



that whenever [ passband external suppression ] is improved. 
[0060] Moreover, as compared with the passage property of the filter 90 of 
drawing 16 shown in the drawing 17 median line 91, it turns out that there is little 
loss degradation. Therefore, whenever [ passband external suppression ] has a 
passage property with little loss degradation compared with the filter 90 of 
increase and drawing 16 , without the filter 100 of this example narrowing pass 
band width compared with the filter 1 1 of drawing 1111. 

[0061] [Example 4] Drawing 21 shows the surface acoustic wave filter 110 which 
becomes the 4th example of this invention. This example is the antiresonant 
frequency fa of the resonance circuit of a serial arm. Resonance frequency fr A 
passage property is improved by expanding a difference. The same sign is given 
to the component shown in drawing 1 1 , and a corresponding part among 
drawing. 

[0062] The resonator R2 same among the serial arms 61 as the part between the 
juxtaposition arms 62 and 63 It connects with 2 serials and is the inductance LS 
of 3nH(s) to a serial in this further. It has added. Similarly the same resonator R4 
is connected to the part between the juxtaposition arms 63 and 64 among the 
serial arms 61 at 2 serials, and it is the inductance LS of 3nH(s) to a serial in this 
further. It has added. 

[0063] Only one resonator R location is allotted to the juxtaposition arm 62. 
Similarly, in the juxtaposition arm 63, it is the resonator R3 of 1 . It has allotted. 
Similarly, in the juxtaposition arm 64, it is resonator R<SUB>4 of 1. It has allotted. 
This filter 1 10 has the passage property shown by the line 1 1 1 among drawing 
2222 . Here, it is an inductance LS. And the resonator R2 of 1 and R4 The 
effectiveness of addition is explained. 

[0064] From the filter 1 10 of drawing 21 , it is an inductance LS. The resonator 
R2 of 1 , and R4 If it deletes, it will become the same with the conventional filter 1 
shown in drawing 42 R> 2. It seems that a line 68 (refer to drawing 12 ) shows 
the passage property of this condition. The above-mentioned inductance LS 
While pass band width was expanded as an arrow head 112 showed when 



added, as an arrow head 113 showed, whenever [ out of band oppression ] 
increased. When seen especially about pass band width, especially the 
expansion by the side of high frequency was large, and about 15MHz bandwidth 
was expanded to the high-frequency side. The passage property became as 
[show /a line 114 ]. 

[0065] This condition is not enough as whenever [ out of band oppression ]. Then, 
the resonator R2 of 1 and R4 It added. This resonator R2 of 1, and R4 Without 

narrowing pass band width, when added, as an arrow head 115 showed, about 
5dB has improved and whenever [ out of band oppression ] became the passage 
property shown by the line 111. 

[0066] As an arrow head 116 shows a line 1 1 1 as compared with a line 68, loss 
is also improved compared with the former. In addition, the resonator R2 of the 
serial arm 61 and R4 Three or more pieces are sufficient, respectively. Moreover, 
an inductance may be inserted in the juxtaposition arms 62-64 as the two-dot 

chain line in drawing 21 shows. 

[0067] [Example 5] Drawing 21 shows the surface acoustic wave filter 120 which 
becomes the 5th example of this invention. The same sign is given to the same 
part as the component shown in drawing 1 1 among drawing, and the explanation 
is omitted. Inductance LI of the juxtaposition arm 62 Inductance values are 
4nH(s). 

[0068] Inductance L2 of another juxtaposition arm 63 Inductance values are 
5.5nH(s). Furthermore, inductance L3 of another juxtaposition arm 64 Inductance 
values are 7nH(s). Thus, inductance LI -L3 of each juxtaposition arms 62-64 By 
making inductance values differ, a filter 120 serves as a passage property shown 
by the line 121 among drawing 24 . 

[0069] Here, it is indan TAKUSU LI -L3. All inductance values compare with the 
passage property of the filter 60 of drawing 1 1 equal to 4nH(s). This filter 60 has 
the passage property (refer to drawing 12 ) shown by the line 65 among drawing 
2424 . Without the passage property of the filter 120 of this example narrowing 
pass band width in any way compared with the passage property of the above- 



mentioned filter 60, as an arrow head 122 shows, whenever [ passband external 

suppression ] is raised. 

[0070] If it sees about a low frequency side fronn a passband, and it is in a filter 
60, the attenuation pole 124,125 will have occurred in two places, 875MHz and 
892MHz, to what had only the attenuation pole 123 of 1 near 902MHz. Thereby, 
the frequency band 126 between two attenuation poles 124,125 turns into an 
inhibition zone 127. 

[0071] [Example 6] Drawing 25 shows the surface acoustic wave filter 130 which 
becomes the 6th example of this invention. This example aims at the fall of loss. 
The same sign is given to the component shown in drawing 1 1 , and a 
corresponding part among drawing, and the explanation is omitted. 
[0072] 1st surface acoustic wave resonator R1 B of the juxtaposition arm 62 is the 
excitation electrode 131 and the configuration of having arranged the reflector 
132,133 on these both sides, as shown in drawing 26 . A reflector 132,133 is 
degree type d=(n+beta) -lambda about the pitch d of the excitation electrode 131 
and a reflector 132,133. - When expressed with ** (it is here and n is the period 
of the Kushigata electrode corresponding to resonance frequency in lambda 
corresponding to the one or less real number in a suitable integer and beta), it 
has allotted the location when being referred to as beta= 0.4. 
[0073] The logarithm of the above-mentioned reflector 132,133 is 50. Resonator 
R1B equipped with the reflector is expressed with the notation which added "*" 
as shown in drawing 25 . Resonator R3B of other juxtaposition arms 63 and 64 
and R5B as well as the above-mentioned resonator R1 B are the configurations 
equipped with the reflector. 

[0074] The filter 130 of the above-mentioned configuration has the passage 
property shown in the drawing 27 median line 134. As an arrow head 135 shows 
this passage property compared with the passage property (a line 65 shows) of 
the filter 60 of drawing 11 R> 1 , the insertion loss of a band is usually reduced. 
Here, it is Ripple rP. It generates by having arranged the reflector 132,133 on 
both sides of the excitation electrode 131 of a juxtaposition arm, as shown in 



drawing 26 . 

[0075] Here, the reason for having defined the arrangement location of a reflector 
132,133 as mentioned above is explained. In the above-mentioned ** type, beta 
is changed from 0 to 0.5, and it is Ripple rP. The effect on width of face becomes 
as [ show / the drawing 28 median line 140 ]. A point 141 is a point of min [ width 
of face / ripple ] among this drawing, and beta at this time is 0.4. 
[0076] From this, beta is set to 0.4. Drawing 29 shows the surface acoustic wave 
filter equipment 150 which realized the filter 130 of drawing 25 . The same sign is 
given to the component shown in drawing 14 , and a corresponding part among 
drawing, and the explanation is omitted. 

[0077] 132, 133, and 151,152,153,154 are reflectors, respectively. Next, the 
modification of the 1st 1 terminal-pair surface acoustic wave resonator is 
explained. Drawing 30 shows the modification of 1 . This resonator R1 Ba is the 
configuration that electrical load arranged the Kushigata electrode 160,161 of a 
short circuit mold on the both sides of the excitation electrode 131 as a reflector. 
[0078] Drawing 31 shows another modification. This resonator R1 Bb It is the 
configuration of having arranged the strip array mold electrode 165,166 on the 
both sides of the excitation electrode 131 as a reflector. 
[Example 7] Drawing 32 shows the surface acoustic wave filter 170 which 
becomes the 7th example of this invention. This example is what aimed at the fall 
of loss like the example 6, the same sign is given to the component shown in 
drawing 21 , and a corresponding part among drawing, and the explanation is 
omitted. 

[0079] A filter 170 is the configuration of having arranged the reflector 132,133 on 
the location where beta of the both sides of the excitation electrode 131 becomes 
settled in 0.4 about 1st surface acoustic wave resonator R1 B of each 
juxtaposition arms 62, 63, and 64, R3B, and R5B as shown in drawing 26 , 
respectively among FITARU 1 10 of drawing 21 . According to this filter 170, 
rather than the property shown in the drawing 22 median line 111, there is little 
loss of a passband and the passage property that the ripple was also stopped is 



acquired. 

[0080] [Example 8] This example is the ripple rP in drawing 27 . It aims at 
removing. First, the means which removes effectively the ripple which appears at 
the time of said reflector addition is described. 

[0081] The artificer etc. investigated the relation between the expression 
frequency location of a ripple, and electrode layer thickness by simulation. In 
simulation, the effectiveness of the increment in thickness was replaced by 
enlarging the ratio of the acoustic impedance under an electrode (Zm), and the 
acoustic impedance (Zo) of the free surface, as reference (1) has also described 
it, the increment in electrode layer thickness is that mass increases, and it is 
because it is thought that this is proportional to the increment in the amount of 
discontinuity of an acoustic impedance as it is - following - 
Q=Zo/Zm=VoA/m=1+k2 / 2+alpha (t) - (9) 

The acoustic velocity under (Vo, Vmifree surface, and an electrode, k2 : It 

considered as electromechanical coupling coefficient) and this was changed as a 

parameter which is proportional to Thickness t about alpha (t). 

[0082] When it places like this, the center of filter frequency fo is fo=2fo'/(1+Q). - 

(10) 

It is in agreement also with the experiment fact known well of moving to a low 
frequency side from center frequency fo' in case there is no discontinuity of an 
acoustic impedance as a next door and thickness are increased, if alpha (t) is 
enlarged as a result of simulation (i.e., if electrode layer thickness is thickened) - 
ripple rP the appearing frequency location shows by the arrow head 180 among 
drawing 33 - as - the RF side of a passband - moving - just - being alike - it 
turned out that it falls into the attenuation pole by the side of a RF. This is 
typically shown in drawing 33 . 

[0083] In addition, the inside of drawing 33 and another ripple rS The reflector of 
a serial arm resonator is generated owing to. Drawing 34 R> 4 shows a passage 
property when the ripple produced from the reflector of the resonator of a 
juxtaposition arm has fallen into the attenuation pole by the side of a RF exactly 



in the time of alplia(t) =0.08. Tlierefore, in this drawing, a ripple disappears from 
a passband and, moreover, the insertion loss Is decreasing considerably. In 
addition, in this drawing, since the core of a passband moved to the low 
frequency side according to (10) types, only 15MHz of resonance frequency of 
the resonator of a serial arm and a juxtaposition arm has been shifted to a RF 
side that this should be amended, so that center frequency may be set to 
932MHz. 

[0084] In order to see this by correspondence with actual thickness, the chip was 
made as an experiment and the passage property was investigated. The line 
185,186,187 of drawing 35 (A), (B), and (C) makes a passage property in case 
thickness is 2000A, 3000A, and 4000A, respectively correspond, and is shown. 
In addition, although center frequency changes by changing thickness, the data 
of this drawing change the period of the Kushigata electrode so that they may 
amend this, and they are adjusting it so that center frequency may seldom be 
changed. 

[0085] The ripple rP of the resonator of a juxtaposition arm which had appeared 
in the band at the time of 2000A so that clearly from drawing 35 , and ripple rS of 
a serial arm out of band At the time of 3000A, it moved to the RF side, and it 
became rS', and rP' became the good property which does not have a ripple into 

a band, as a result of having been burled In the attenuation pole by the side of a 
RF, rP' and. This result is well in agreement with the result of simulation 
qualitatively. 

[0086] However, when thickness is made to increase, in simulation, there are 
loss degradation (30 No. : "LiTa03 application to the surface acoustic wave 
resonator and its oscillator for VTR on a substrate" besides Ebata, the Institute of 
Electronics and Communication Engineers paper magazine, vol.J66-C, 1, pp23- 
1988) by the incalculable bulk wave and a loss improvement by resistance loss, 
and the balance also serves as an important factor. Then, change of the 
minimum insertion loss when changing thickness into drawing 36 (A) was plotted. 
[0087] Loss according [ a line 190 ] to a bulk wave and a line 191 show loss by 



resistance loss among this drawing. A line 192 is an experimental value. As 
shown in this drawing, in about 2500A, both effectiveness is balanced, from 
about 3500A, the increment in loss by the bulk wave becomes dominant, and 
insertion loss begins to deteriorate. The line 193 of drawing 36 (B) is the ripple rP 
at the time of changing the thickness of the excitation electrode 131 and reflector 
132,133 in drawing 26 . Passband center frequency fO of a frequency location 
Receiving change is shown. 

[0088] If drawing 36 (A) and (B) are judged synthetically, as thickness, 2600A - 
4000A does not make a ripple in a band, and it is suitable from there being little 
loss degradation. It will be set to 0.06-0.09 if this is standardized by electrode 
period lambdaP (it is 4.4 micrometers in 932MHz, and is referring to drawing 26 ) 
of the juxtaposition arm resonator mostly decided from a center of filter frequency. 
[0089] This example is based on the above-mentioned examination result. 
Drawing 37 shows the 1st 1 terminal-pair surface acoustic wave resonator 200 of 
the surface acoustic wave filter of this invention. The inside of this drawing and 
201 excitation electrodes 202,203 are the products made from aluminum mixing 
which are reflectors and mixed the dissimilar metal several% by the product 
made from aluminum, or the weight ratio, respectively, and are thickness t1 . It is 
0.06 to 0.09 times the thickness of electrode period lambdap. 
[0090] The passage property of the surface acoustic wave filter which applied 
this resonator 200 to resonator R1B in drawing 25 and drawing 32 , R3B, and 
R5B becomes as [ show / a line 205 ] among drawing 38 , and the ripple has not 
appeared in the passband. In addition, when it considers as the above- 
mentioned product made from aluminum alloy, a power-proof property improves 
compared with the case where it considers as the product made from aluminum. 
The dissimilar metals to mix are Cu, Ti, etc. 

[0091] Drawing 39 shows the resonator 210 which is the modification of the 
above-mentioned resonator. 211 is an excitation electrode and 212,213 is a 
reflector. These are the products made from Au. It becomes smaller [ a ratio with 
the consistency of the range aluminum of the optimal thickness value ] from this 



phenomenon having arisen under the effect of the mass addition effectiveness 
than the above-mentioned value. 

[0092] The consistency of aluminum / consistency of Au = since it is 2.7 / 18.9= 
0.143, it is the optimal thickness t2. It doubles 0.143 and is electrode period 
lambdaP. It has carried out to one 0.0086 to 0.013 times the thickness of this. 
Becoming as [ show / in drawing 38 / the passage property of the surface 
acoustic wave filter which applied this resonator 210 to resonator R1 B in drawing 
25 and drawing 32 R> 2, R3B, and R5B ], a ripple does not appear in a passband. 
[0093] [Example 9] This example is the inductance LI in drawing 1 1 , L2, and L3. 
It is another example to realize. The same sign is given to the component shown 
in drawing 14 , and a corresponding part among drawing 40 , and the explanation 
is omitted. 

[0094] 220,221 is a zigzag-like microstrip line, extends from a terminal 84-3 and 
84-5, respectively, and is formed on the ceramic package 81 . The tip of each 
microstrip line 220,221 is connected with the ground. The die length between 100 
micrometers, a microstrip line, and a ground of the pattern width of face of each 
microstrip line 220,221 is 0.5mm. 

[0095] If specific inductive capacity of a ceramic package 81 is set to 9, the 
inductance value of the above-mentioned microstrip line 220,221 will serve as 

2nH(s) from the theoretical formula of a ribbon inductor. 

[Example 10] This example is the inductance LI in drawing 11 , L2, and L3. It is 
still more nearly another example to realize. 

[0096] The same sign is given to the component shown in drawing 14 , and a 
corresponding part among drawing 41 , and the explanation is omitted. 230,231 
is a zigzag-like microstrip line and is a resonator R1 and R2, respectively. It 
extends and has formed on the filter chip 82. A terminal 85-3 and 85-5 are 

formed at the tip of each microstrip line 230,231 . 

[0097] For thickness, 3000A and width efface are [ 60 micrometers and the 
overall length of each microstrip line 230,231 ] about 2mm. If specific inductive 
capacity of the filter chip (LiTa03) 82 is set to 44, the inductance value of a 



microstrip line 230,231 will serve as 2.2nH from a theoretical formula. 
[0098] In addition, an inductance can also be formed by combining suitably the 
microstrip line 220 on a bonding wire 86-3 and a ceramic package 81, and the 
microstrip line 230 on the filter chip 82. 

[Example 1 1] Drawing 42 shows the surface acoustic wave filter 240 by the 1 1th 
example of this invention. Drawing 43 shows the configuration which materialized 
this. 

[0099] It explains about the outline of this example, and the basic configuration of 
this example first on [ of explanation ] expedient. 

** Outline this example of this example is the resonance frequency frs of the 
resonator of a serial arm. Antiresonant frequency fap of the resonator of a 
juxtaposition arm It sets highly suitably, pass band width is expanded, and it is 
deltaf**frs-fap. It is the configuration of having set the loss in a passband to the 
range which is not degraded remarkably. 

[0100] ** Set in basic configuration aforementioned each example of this 
example, and it is fap =frs. In order to form the passband of a filter, it considers 
as indispensable conditions. However, as long as this condition is kept, an upper 
limit will arise in a passband. Then, it is fap <frs as it is shown in drawing 44 , in 
order to expand pass band width. It considered carrying out. 
[0101] When it carries out like this, it is fap <f<frs so that clearly from this drawing. 
In the range, there is a possibility of it being set to bx<0 and becoming a decay 
area from the above-mentioned theory. However, if the magnitude of deltaf (=frs- 
fap) was restricted so that it may state below actually, since the value of bx 
product would stop at a very small value, it turned out that attenuation does not 
take place but it is satisfactory in any way as a real superior transit band. 
[0102] Drawing 45 is deltaf=frs-fap. The passage property of the ladder type filter 
when increasing from zero is shown. For a piezo-electric substrate, as 
experiment conditions, an electromechanical coupling coefficient is LiTa03 of 
0.05. aluminum electrode for the Kushigata electrodes used the conditions of 
3000A of thickness. The parallel resonance machine for an electrode 



configuration carrying out cascade connection of tliis to two steps by considering 
as a basic configuration wliat connected the parallel resonance machine as 
shown in drawing 42 , and the series resonance machine to the ladder mold, and 
making an input side and an output side symmetrical at it is connected to the last 
stage. A ladder mold circuit is made multistage for raising whenever [ out of band 
oppression ] even to a practical value. 

[0103] However, since the loss in a passband also increases by multistage- 
ization, the specification of a concrete filter adjusts the number of stages of 
multistage-izing. This example is given as one example of a configuration which 
realizes 20dB or more whenever [ 2dB / of loss / or less, and out of band 
oppression ]. For the resonator of a serial-parallel arm, as a design condition of 
the Kushigata electrode, the number of opening length is [ a logarithm ] 50 in 180 
micrometers, since the logarithm of a serial-parallel resonator and the opening 
length conditions are equal ~ the ratio of each electrostatic capacity ~ P=Cp/Cs 
is 1. 

[0104] In drawing 45 , (A) is the case of deltaf=0, i.e., the case of the 
aforementioned example. This drawing (B) is the case of deltaf= 10MHz. 
Compared with this drawing (A), pass band width (it considers as the bandwidth 
which guarantees 2.5dB or less of loss) is improved from 22MHz to 40MHz, 

without the minimum insertion loss of a passband hardly deteriorating. Bandwidth 
is improved beyond the increment in deltaf, because the loss recovery by the 
side of the low frequency of a passband is seen. 

[0105] Moreover, also whenever [ out of band oppression ] is improved. In 
drawing 45 (A) and (B), whenever [ by the side of a RF / out of band oppression ] 
(shown all over drawing) is improved from 19dB to 20dB. Thus, effectiveness is 
not only in bandwidth expansion, but expansion of deltaf is the technique in 
which the improvement of an oppression out of band can also be aimed at to 
coincidence. Thus, if deltaf is made to increase, although an improvement of a 
property will be found, the augend has a limit. 

[0106] Drawing 45 (C) is a passage property Fig. when being referred to as 



deltaf=19MHz. the inside of a passband - loss degradation begins to be seen a 
little at a RF side. In this case, it is about 2.5dB. This also became the cause 
which makes the ripple in a band increase, and was set to about I.OdB of a ripple 
specification limit in this example. The increment in deltaf beyond this turned into 
loss degradation and an increment in the ripple in a band. Therefore, 
deltaf=19MHz becomes a limit in the case of making deltaf increase. Moreover, 
whenever [ out of band oppression / at this time ] is set to about 21dB as shown 
in drawing 4545 (C), and a 2dB improvement is obtained compared with 
conventional drawing 45 (A). 

[0107] The case of deltaf=19MHz of drawing 45 (C) was investigated for what 
kind of value the above-mentioned bx product is at this time for the example. 
First, the surface acoustic wave resonator which constitutes the juxtaposition arm 
of drawing 42 , and the surface acoustic wave resonator which constitutes a 
serial arm were produced according to the individual, by circuitry as shown by 
drawing 46 (A) and (B), the resonator of a juxtaposition arm measured 
admittance and the resonator of a serial arm measured the impedance, 
respectively. Measurement was performed using the network analyzer and each 
S21 was measured. And it substitutes for the formula showing the value in 
drawing 46 (A) and (B), and is an impedance Zp. And admittance Yp It asked. 
[0108] Consequently, frequency characteristics as shown in drawing 47 were 
acquired. This property is admittance and the value of only the imaginary part of 
an impedance, i.e., b, and the value of x. If the value of bx product is calculated 
from these, the frequency characteristics will become like drawing 48 . This 
drawing to fap <f<frs In the range, it turns out that the value with bx product small 
negative is taken. 

[0109] Maximum |bxmax | of the absolute value of bx product is [0110] so that it 
may mention later. 
[Equation 5] 
f = Vtap ^t'rs 



[0111] It was given at the time of ** and was 0.06 in tiiis example. That is, if a 
Ibxmax | value is below this value, it turns out that degradation of insertion loss 
mentioned above and the ripple in a band may be small stopped with IdB or less 
both. deltaf> If 19MHz, a |bxmax | value also Increases, and neither loss 
degradation nor the ripple in a band sets to IdB or more and is practical. 
[01 12] Therefore, a |bxmax | value serves as an index of the upper limit of 
property degradation, and the allowed value of deltaf is defined. Below, it 
becomes common further below and explains in full detail. The representative 
circuit schematic when approximating a surface acoustic wave resonator to 
drawing 49 like drawing 3 in the double resonance circuit of LC, and constructing 
in a ladder mold filter like drawing 2 is shown. 

[01 13] It is [01 14] when admittance of the surface acoustic wave resonator of Zs 
and a juxtaposition arm is set to Yp for the impedance of the surface acoustic 
wave resonator of a serial arm. 
[Equation 6] 

Z s = j X 



Yp= jb 
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[0115] It becomes. It is here and is [01 16], 

[Equation 7] 
Wr*= 2 ;r f 



0),t= 2 ;r f ,s = 

a>rP= 2 TT f rp = 

0}tv= 2 ;r f .p = 



= 1/ VC,,L,. 
= Wr, VI + 1/r 
= 1/ VC.pLip 



[01 17] It comes out. It is [01 18] when it asks for bx product from (11) and (12) 
types. 



[Equation 8] 

Cbd • ioiit.^ -a>* ) • Coj,,* -oj* ) 
bx = -(13) 

Co. • ((^rp* -cy* ) • (w..' -<i)' ) 

[01 19] It becomes. (13) The angular frequency omega which gives extremal 
value to bx of a formula can be found from **(bx)/**omega=0, and it is [0120]. 
[Equation 9] 

0)= VfW.P • OJr. —(14) 

[0121] It becomes. The value which substituted this for (13) types turns into 
maximum of the absolute value of bx product in a passband. It is [0122] when it 
asks for this. 
[Equation 10] 

C„„- (1 + 1/t) 

bx„„ =- (1 5) 

Cos • CI + 1/ (r ■ ^G}/(D.,) D ^ 

[0123] It becomes. It is here. deltaomega=omegars-omegaap=2pi-deltaf - (16) 
It comes out. (15) It is bxmax about a formula. If P=Cop/Cos is plotted as a 
parameter as relation of deltaf/frs, it will become as it is shown in drawing 5050 . 
[0124] In this drawing, if the conditions of 0.06 or less allowed value of the 
product of bx calculated experimentally previously are illustrated, it will become a 
field like a slash. Therefore, the allowed value alpha of deltaf/frs which changes 
with P=Cop/Cos can be determined, and it serves as a degree type as | bxmax 
1=0.06 of (15) types. 
[0125] 

[Equation 11] 

0=1/ ( VP (r^ +r> /O. 0 B -t) -(17) 



[0126] According to [ can carry out a substrate ingredient and ] a ball and the 
experiment, a capacity factor gamma is 36 degreeY cut propagation LiTa03. It 
was about 15. For this reason, (17) types are [0127]. 



[Equation 12] 

a=6, 67X10-VC4. 2 2 VF- I ) -(18) 

[0128] It becomes. At the time of P= 1 , it is set to alpha= 0.02, in the case of the 

example of frs=948MHz drawing 45 , is set to deltaf=19MHz, and can check that 

(18) types are realized. The effectiveness of increasing deltaf has a capacity 

factor gamma effective in a small piezo-electric substrate ingredient, i.e., a 

substrate ingredient with a big electromechanical coupling coefficient, and asked 

for (17) types from such a piezo-electric substrate ingredient. 

[0129] A gamma value is an electromechanical coupling coefficient k2. Since it is 

proportional to the inverse number, it is LiTaOS of 36 degreeY cut X propagation. 

When the gamma value of a gamma value, the 64 degree Y cut X propagation 

LiNbOS (k2 =0.1 1) of k ingredients which has other high electromechanical 

coupling coefficients using the value of 2 = 0.05, and the 41 degreeY cut X 

propagation LiNbOS (k2 =0.17) is calculated, the former is 6.8 and the latter is 

4.4. In addition, these k2 A value is reference ("Applications for Piezoelectric 

Leaky Surface Wave":KYamanouchi and M.Takeuchi, 1990 ULTRASONICS 

SYMPOSIUM Proceedings, pp 11-18, 1990). It referred to. 

[0130] In addition, drawing 51 is a capacity factor gamma and an 

electromechanical coupling coefficient k2. Relation is shown. The relation of this 

drawing is 36 degreeY cut propagation LiTa03. k2 A value with a gamma value 

is used and it is [0131]. 

[Equation 13] 
1 

k* oc — 
r 

[0132] It asks by carrying out. X propagation LiTa03 of the relation of drawing 51 
to a 64Y" cut, and 41 degreeY cut a gamma value ~ it can ask ~ the above ~ the 
same - respectively - gamma= - it is set to 6.8 and 4.4. 
** Configuration **** of an example 1 1 explains the configuration of the example 
shown in drawing 42 and drawing 43 . 



[0133] 241 is 36-degreeY-LiTa03. It is a piezo-electric substrate and is 
1.5x2x0. 5mm in magnitude. It has stood in a line in an order from tine input side 
in order of a juxtaposition arm resonator (Rp1), the serial arm resonator (Rsl), 
the juxtaposition arm resonator (Rp2), the serial arm resonator (Rs2), and the 
juxtaposition arm resonator (Rp3). 

[0134] Each resonator is the structure which had a reflector 242 (short circuit 
mold) in both sides. As for each of each resonators, for the logarithm of 180 
micrometers and an electrode finger, the number of opening length of 50 pairs 
and a reflector is also 50. Only the period of the Kushigata electrode finger is 
changed with the juxtaposition arm resonator and the serial arm resonator. The 
period of lambdap=4.39micrometer (since pattern width of face and a gap are 1:1 
s, pattern width of face is lambdap / 4**1.1 micrometers), and a series resonance 
machine of the period of a juxtaposition arm resonator is 

lambdas=4.16micrometer (pattern width efface is lambdas / 4= 1.04 micrometers 
similarly). 

[0135] It is determined from lambdas=Vm / frs, and lambdap=Vm / frp that each 
period will serve as a value (frp =893MHz, frs =942MHz) predetermined in the 
resonance frequency (frp, frs) of each resonator. Here, it is Vm. 36 degreeY cut 
X propagation LiTa03 at the time of 3000A of electrode layer thickness It is the 
acoustic velocity of the surface wave of a crystal, and asked with Vm =3920 m/s 
experimentally. 

[0136] The surface acoustic wave filter 240 of the above-mentioned configuration 
is the broadband shown in drawing 45 (C), and has the passage property of low 
loss. In addition, it is deltaf=19MHz. Among drawing 43 , if [ change only 
lambdap and ] 4.35 micrometers, deltaf will be set to 10MHz and the property of 
drawing 45 (B) will be acquired. 

[0137] In addition, an electrode material is an aluminum-Cu alloy, and thickness 
is 3000A, and it is arranged so that a surface wave may spread to X shaft 
orientations of the piezo-electric substrate 241. Next, the example at the time of 
using other piezo-electric substrates is explained. 64 degreeY cut X propagation 



LiNbOS It is gamma= 6.8 at a case and (17) types are [0138]. 
[Equation 14] 

a=l. 47XI0-VC4. -(19) 

[0139] It becomes. 41 degreeY cut X propagation LiNb03 It is gamma= 4.4 at a 
case and is [0140]. 
[Equation 15] 

a= 2. 2 7 3 X 1 0-V(4. 52/F-l) -(20) 

[0141] It becomes, alpha becomes large, and even if it extends deltaf greatly, 
property degradation cannot take place easily, so that a gamma value becomes 
small (i.e., so that an electromechanical coupling coefficient becomes a big 

substrate). 

[Example 12] Drawing 52 shows the circuitry Fig. of the surface wave filter 250 
which becomes the 12th example of this invention. 

[0142] Drawing 53 shows the structure which materialized the surface acoustic 
wave filter of the circuitry of drawing 52 . Drawing 54 and drawing 55 show the 
property of drawing 52 and the surface acoustic wave filter of 53. 
** Explain the outline of this example first after [ expedient ] that an example 

explains [ outline ]. The surface acoustic wave filter of this example connects a 
surface acoustic wave resonator to a serial parallel, aims at adjustment of the 
image impedance during the unit section which consists of every one serial- 
parallel resonator in the surface acoustic wave filter of the ladder mold which 
made two or more these multistage, and considers it as the configuration which 
reduces the loss in each node. 

[0143] This becomes possible to reduce the insertion loss in a passband. 
** like the thinking fault to completion of invention next ~ like the thinking fault to 
completion of this invention - ******** - explain. As shown in drawing 56 (A) and 
(B), a bandpass property can be acquired by ladder mold connection of the serial 
arm resonator per piece [ at least ] and juxtaposition arm resonator. In addition. 



ladder mold connection of the serial arm resonator of every this piece and a 
juxtaposition arm resonator serves as the unit section of a filter. 
[0144] Under the present circumstances, as for the resonance frequency of a 
serial arm resonator, and the antiresonant frequency of a parallel resonance 
machine, it is desirable for the former to have a frequency higher than the latter 
from on coincidence or pass-band-width expansion. The unit section of drawing 
56 (A) and (B) is, or an I/O edge is a serial arm mutually, it has two types, and 
what connected these to multistage is classified into three types as shown in 
drawing 57 (A), (B), and (C). 

[0145] One side of drawing 57 (A) by the side of I/O is the case (symmetry mold) 
where it is [ the I/O edge of this drawing (C) ] a serial arm when another side is a 
juxtaposition arm, and the I/O edge of a (asymmetrical type) and (B) is a 
juxtaposition arm (symmetry mold), with a serial arm. Thus, although whenever 
[ insertion-loss and out of band oppression ] will be n times the unit section and 
an insertion loss generally worsens when it is made multistage, whenever [ out of 
band oppression ] improves. When especially loss of the unit section is close to 0, 
this multistage-izing is effective. 

[0146] However, if the impedance matching in the passband of the unit sections 
is not suitable, an insertion loss will get worse further rather than n theoretical 
times. It is because reflection of power will take place on the boundary (each 
boundary from line 1-1' to n-n' in drawing 57 ) of the unit section and it will 
become the increment in loss, if impedance matching is not suitable. 
[0147] If power reflection of the unit sections is made into **, loss will also serve 
as nIOlog (**). Therefore, it is important by pressing down power reflection on a 
scale and a boundary for the impedance matching of the unit sections to press 
down the increment in an insertion loss as much as possible. Next, how to plan 
impedance matching of the unit sections is explained. What is necessary is just 
to place, if the image impedance which looked at each circuit side from boundary 
b-b' is mutually equal when planning impedance matching and connecting the 
circuits which generally have two different 4 terminal constants (four constants A, 



B, C, and D of an F matrix), as shown in drawing 58 . 

[0148] The image impedance Zi1 which saw the circuit 1 side as shown in 

drawing 58 is 4 terminal constant A1 of a circuit 1, B1, C1, and D1. It uses and is 

expressed like a degree type. 

[0149] 

[Equation 16] 

Zi,= VD: Bi /Ci A, -(2 1) 

[0150] The image impedance Zi2 which saw the circuit 2 side similarly is 

expressed like a degree type. 

[0151] 

[Equation 17] 

Zi2= VAa Ba /Ci Da -(22) 

[0152] These image impedances are load resistance (pure resistance) RO. It is 
decided independently. (21) If equal and a formula and (22) types will be placed, 
impedance matching conditions like a degree type can be found. 
D one 81 / CI A1 =A2 B-2 / C2 D2 - (23) 

Drawing 59 shows the case where the above-mentioned impedance matching 

conditions are applied to the unit section of a ladder mold circuit. 

[0153] Impedance matching is a bad connection method and drawing 59 (A) 

does not fulfill the conditions of (23) types. Reflection coefficient ** which saw 

right-hand side from boundary b-b' is [0154]. 

[Equation 18] 

Z. Y. 

r= -(2 4) 

2 + Z. Y. 

[0155] It becomes. Zs Yp With an actual component, since it does not become in 
0 completely even in a passband, ** is not set to 0, either. Compared with this, in 
order to fill the conditions of (23) types with boundary b-b', reflection is set to 0, 
and drawing 59 (B) or drawing 59 (C) does not produce loss, for example, the 



case of drawing 59 (B) - from boundary b-b' - 
[0156] from (21) types 
[Equation 19] 



- an image impedance - 



Zi,= yZTTTTTTTZTTTT 



(2 5) 



[0157] It becomes. When it asks also for the image impedance Zi2 which saw 
right-hand side from boundary b-b' from (22) types, it turns out that it becomes 
equal to Zil. Therefore, impedance matching can be taken and the reflection 
coefficient In a boundary Is set to 0. It is proved that drawing 59 (C) has taken 
Impedance matching similarly. Next, how to make multistage connection of the 
unit section using continuation as shown in drawing 59 (B) and (C) is considered. 
[0158] Drawing 60 (A) shows the circuit which repeated the continuation of 
drawing 59 (B) and (C) by turns, and made n (> 2) stage connection of the unit 
section. If such a connection method is used, even if how many steps connect 
from the above-mentioned reason, power reflection of each unit section will not 
take place. If the resonators of the juxtaposition arm which adjoins mutually and 
suits with the configuration of drawing 60 (A), or the resonators of a serial arm 
are added and it is made a bundle, it will become drawing 60 (B) and 
equivalence. 

[0159] Consequently, It turns out that only the arm nearest to an I/O edge comes 
to have the half Impedance or half admittance value of magnitude to the arm 
Inside It. If a lever rule Is applied to the method of three kinds of multlstage-lzing 
shown by drawing 57 , the approach of of drawing 61 (A), (B), and (C) will be 
acquired as continuation which planned impedance matching, respectively. 
[0160] It is the adjustment-ized continuation corresponding to drawing 57 (A), 
one of the I/O edges is a serial arm, and drawing 61 (A) is the case where 
another side is a juxtaposition arm. In this case, the impedance value of the 
serial arm resonator of an edge is the one half of the impedance value of an 
inside serial arm resonator, and the admittance value of the juxtaposition arm 
resonator of the other-end section is also the one half of the admittance value of 



an inside juxtaposition arm resonator. 

[0161] Similarly, drawing 61 (B) is drawing 57 (B), and drawing 61 (C) is the 
adjustment-ized continuation of drawing 57 (C). By the case where both ends are 
juxtaposition arms in the case of drawing 61 (B), the admittance value of the 
juxtaposition arm resonator of both ends serves as half [ of the admittance value 
of the juxtaposition arm resonator inside it ]. 

[0162] By the case where both ends are serial arms in the case of drawing 61 (C), 
the impedance value of the serial arm resonator of both ends serves as half [ of 
the impedance value of the serial arm resonator inside it ]. 
** Explain the 12th example of this invention based on the configuration, next the 
above-mentioned view of an example 12. 

[0163] Drawing 52 shows the fundamental configuration of the surface acoustic 
wave filter 250 which becomes the 12th example of this invention. If this surface 
acoustic wave filter is materialized, it will become as [ show / in drawing 53 ]. It 
consists of three serial arm resonators (Rsl, Rs2, and Rs3) and three 
juxtaposition arm resonators (Rpl, Rp2, and Rp3), and connects like the equal 
circuit shown in drawing 52 , respectively. 

[0164] these six resonators - both ~ opening length (90 micrometers) ~ the 
same - and an electrode finger - the same is said of the logarithm (100 pairs). 

Moreover, each resonator has the reflector of a short circuit mold as shown in 
this drawing on both sides, and is raising Q. The logarithm of a reflector is about 
100 pairs. 

[0165] All serial arm resonators (Rsl -Rs3) are the electrode finger periods 
(lambdas) of the same die length, and are lambdas=4.19micrometer. Moreover, 
the period of a juxtaposition arm resonator (Rpl -Rp3) is set to different periodic 
lambdap=4.38micrometer from this. As a comparative object, a configuration is 
shown in drawing 6262 conventionally to this configuration. 
[0166] About both drawing 52 and drawing 62 , it is an impedance Zs. The design 
conditions of the end bomblet nature surface wave resonator of the serial arm 
shown are 90 micrometers of opening length, and 100 pairs of logarithms. 



Admittance Yp The 1 terminal-pair surface acoustic wave resonators of tine 
juxtaposition arm sliown are also the same conditions. A piezo-electric substrate 
crystal is the 36 degreeY cut X propagation LiTaOS. It uses and the Kushigata 
pattern of 3000A aluminum alloy film is formed as a surface acoustic wave 
resonator on it. 

[0167] A continuous line 251 shows the property of the filter 250 of drawing 53 
among drawing 54 . A broken line 252 shows the property of the conventional 
filter of drawing 62 . Both show that the direction of the filter 250 of this example 
is low-loss-ized. Especially an improvement in the both ends of a passband is 
large. Next, it sets in the conventional filter of drawing 62 , and is the admittance 
Yp of the unit section (3). Only the parallel resonance machine with which it is 
expressed reduces a logarithm from 100 pairs to 80 pairs, and is admittance Yp. 
A line 253 shows the passage property when making a value small among 
drawing 55 . It turns out that the insertion loss is improved similarly. Therefore, it 
can be said that there is about effectiveness although just reducing from an 
inside admittance value is not enough as it even if it does not set the admittance 
value of an edge to one half. It is the same also to an impedance value. 
[0168] As mentioned above, although the example over the basic form of drawing 
61 (A) was shown, even if much unit sections of this increase in the center 
section, it has the same effectiveness. 

[Example 13] Drawing 63 is the surface acoustic wave filter 260 which becomes 
the 13th example of this invention. This surface acoustic wave filter is based on 
the configuration approach shown in drawing 61 (B). 

[0169] This surface acoustic wave filter 260 brings about the same loss reduction 
effectiveness as what was shown by the line 251 of drawing 54 . 
[Example 14] Drawing 64 is the surface acoustic wave filter 270 which becomes 
the 14th example of this invention. This surface acoustic wave filter is based on 
the configuration approach shown in drawing 61 (C). 

[0170] The same loss reduction effectiveness as what also showed this surface 
acoustic wave filter 270 by the line 251 of drawing 54 is brought about. 



[Example 15] The surface acoustic wave filter which becomes the 15th example 
of this invention next is explained with reference to drawing 65 , drawing 66 , etc. 
[0171] ** Explain the outline of this example first after [ expedient ] that an 
example explains [ outline ]. As a cause of having determined the insertion loss 
in a passband, paying attention to a part for a resisted part of the Kushigata 
electrode, and conductance, this example decreases a resisted part to the 
resonator of in-line arrangement, and reduces the insertion loss of the filter 
shape when constructing these in a ladder mold by making the amount of 
conductance decrease to the resonator of a juxtaposition arm. 
[0172] Next, the background of this invention etc. is explained. 
** The basic configuration of the ladder type filter circuit which has arranged two 
surface acoustic wave resonators with which resonance frequency (frs, frp) 
differs, respectively is shown in a serial arm and a juxtaposition arm at 
background drawing 65 of this invention. Here, it is the admittance of a 
juxtaposition arm resonator. Yp = g + j-b -- (26) 
g: Conductance part b : consider as a part for a susceptance. 
[0173] Moreover, impedance of a serial arm resonator Zs = r + j-x - (27) 
r: A resisted part x : consider as a part for a reactance. 
[0174] Thus, if it assumes, the frequency characteristics of g, b, and rx will 
become like drawing 69 . Admittance Yp of a juxtaposition arm resonator The 
susceptance part b (dotted line in drawing 69 ) is resonance frequency frp. 
Maximum is taken, a sign is changed from + to - there, and it is antiresonant 
frequency fap. It is set to 0 (zero) and is fap. Above, a sign becomes + again and 
increases little by little. On the other hand, it is Yp. The conductance part g 
(alternate long and short dash line in drawing 69 ) is fap similarly. Maximum is 
taken and it is fap. If it exceeds, it decreases rapidly and **** is approached 0. 
[0175] In addition, the conductance part g takes only the value of +. A part for the 
impedance Zs of a serial arm resonator It is contrary to admittance and a part for 
Reactance x (continuous line in drawing 69 ) is resonance frequency frs. It is set 
to 0 and is antiresonant frequency fas. Maximum is taken, a sign is further 



changed from + to -, and it is fas. Above, 0 is approaclied from tine 1 side. 
[0176] Moreover, tine resistance part r increases from 0 gradually, and is 
antiresonant frequency fas. Maximum is taken and it decreases gradually more 
than by it. r as well as g takes only the value of +. Here, in order to make a filter 
shape, it is the antiresonant frequency fap of said parallel resonance machine. 
Resonance frequency frs of a series resonance machine It is conditions that 
abbreviation coincidence or the latter is a little large. 

[0177] According to the upper impedance and the frequency characteristics of 
admittance, the passage property as a filter circuit is shown in the lower part of 
drawing 69 . fap **frs A passband is taken in near and it becomes a decay area 
except [ its ]. It is a passband, especially b and x are set to 0 near the center 
frequency so that clearly also from this drawing. 

[0178] Therefore, the passage property as a filter is decided only by r and g, and 
S21 is [0179]. 
[Equation 20] 

1 0 0 

S..= -(28) 

1 0 O + r + 5 0 r • g+ 2 5 0 Og 

[0180] It becomes. Since it is r> 0 and g> 0 in ****, S21 becomes smaller than 1 
and the insertion loss expressed with 20 log|S21| also increases, so that (28) 
types increase r and g. Therefore, an insertion loss will be small, so that both r 
and g are close to 0. 

[0181] Next, it explains whether r and g are produced from a part like the 
Kushigata electrode throat which forms a surface acoustic wave resonator. At 
****, it is the inside of drawing 3 (B), and r1 . It takes into consideration and thinks. 
r1 What expressed a part for a bulk wave, ****, and the leaking energy loss as a 
part for acoustic resistance inside the substrate from each edge of the part for 
electric resistance and the Kushigata electrode finger of the Kushigata electrode 
is totaled. 

[0182] A resisted part by now and bulk wave radiation is the electric resistance r1 
of the Kushigata electrode, in order to be hardly dependent on the configuration 



of the Kushigata electrode. It Is proportional. Near the center frequency of x= 0, it 
Is r=r1 especially. It becomes. Moreover, the conductance part g of the 
admittance of a juxtaposition arm resonator is the conductance 1 of the electric 
resistance of the Kushigata electrode / r1 . It is proportional. 
[0183] Now, width of face of rhoo and an electrode finger is set to W, thicl<ness is 
set to t for the resistivity of the electrode finger of the Kushigata electrode, and it 
Is Ns about Is and a logarithm in the opening length of a serial arm resonator. If it 
carries out r=ls and rhoo/(Ns and W-t) -- (29) 

It becomes. Moreover, It Is Np about Ip and a logarithm In the opening length of a 
juxtaposition arm resonator. Since rhoo, W, and t are almost equal when It 
carries out, and using the same substrate and the same metal membrane g=Np 
and W.t/(lp and rhoo) - (30) 

It becomes. 

[0184] Therefore, increment in the insertion loss in (28) types r+50 r-g+2500g =ls 
and rhoo / (Ns and W-t) +50 -(Is/lp)- (Np/Ns) 
+ 2500, Np, and W.t/(lp and rhoo) - (31) 
It becomes. 

[0185] (31) From a formula, a serial arm resonator is the opening length Is. It is 
short and is Logarithm Ns. A parallel resonance machine is the opening length Ip, 
so that many. It Is long and Is number Np of pairs. It turns out that effectiveness 
Is In loss reduction, so that It Is few. Especially, opening length has the one 
further effective [ as for a logarithm / of the direction with more serial arm 
resonator than a juxtaposition arm resonator ] in other words where the serial 
arm resonator is shorter than a juxtaposition arm resonator, so that it is Is/lp <1 
and Np/Ns <1. 

[0186] Here, this reason is explained. Since it is r=rs, and (rs : electric resistance 
of a serial arm resonator) g= 1/rp In the above-mentioned (31) formula (rp : 
electric resistance of a juxtaposition arm), it is r+50 r-g+2500 g=rs +50 
(rs/rp)+2500 (1/rp). 

It becomes, therefore ~ < (rs/rp) ~ 1 , i.e., rs <rp, it is ~ if ~ increase of an 



insertion loss can be controlled. 

[0187] In addition, it is Is in this case. If it narrows too much not much, loss by the 
diffraction of a surface wave will appear, and it is Ip conversely. Since Q fall of 
the parallel resonance machine by resistance increase will be caused and 
whenever [ by the side of low frequency / out of band oppression ] will worsen if it 
lengthens too much, there is a limit in that magnitude. It is [ arm / serial ] tp in ts 
and the juxtaposition arm about the thickness of the metal membrane which 
furthermore forms the Kushigata electrode. (31) types are as follows when it 
carries out. 
[0188] 

r+50 r-g+2500g =ls and rhoo / (Ns and W-t) +50 -(Is/lp)- (Np/Ns) 
(tp/ts)+2500, Np, and W-tp/(lp and rhoo) - (32) 

Therefore, tp/ts Loss can be similarly reduced by carrying out. In addition, 
although it is also possible to arrange the resonator which consists of two kinds 
of metal membranes from which resistivity differs (rhoos, rhoop) on a serial arm 
and a juxtaposition arm, to make a filter, and to be referred to as rho os/rho op<1 , 
when actually building a component, it is not practical if mass-production nature 
etc. is taken into consideration. 

[0189] ** Explain the example which adopted the configuration, next the above- 
mentioned view of an example 15. Drawing 65 shows the circuitry of the surface 
acoustic wave filter 280 of the 15th example of this invention. Drawing 66 shows 
the structure which materialized the circuitry of drawing 65 . 
[0190] the used piezo-electric substrate 241 ~ 36 degreeY cut XLiTa03 it is ~ an 
electrode material is 3000A aluminum film. Conventionally, the serial arm and the 
juxtaposition arm made Is =45micrometer, the Ns =200 pair, and the juxtaposition 
arm Ip =180micrometer and Np =50 pair for the serial arm by this example to 
being Np =Ns =100 pair opening length Is =lp =90micrometer of the Kushigata 
electrode, and the number of pairs. Ip >ls it is ~ Ns >Np it is . Moreover, it is Is/lp 
=0.25 and Np/Ns =0.25. 

[0191] Electrostatic capacity CO of the Kushigata electrode geometrically 



decided by the product of a logarithm and opening length at this time It was 
made not to change. The continuous line 281 of drawing 6666 is the property of 
this example, and a broken line 282 is the property of the conventional example. 
In the former, that whose loss was 2.5dB was set to 2.0dB by this example, and 
has improved 0.5dB or more by this example. That is, the insertion loss of a filter 
has been improved no less than 25% by dB conversion. 
[0192] Moreover, in the case of this example, by having increased the logarithm 
of a serial arm resonator, power-proof nature also improved and the maximum 
electric power which can be impressed improved 20%. Since in the case of the 
above example diffraction loss begins to have appeared less than [ Is 
=30micrometer ] and degradation out of band by the side of low frequency began 
to have taken place more than by Ip =300micrometer, these values were limits. 
[0193] As mentioned above, it is distinct that the insertion loss of a passband is 
improved by what the electric resistance of a serial arm is lowered and the 
electric resistance of a juxtaposition arm is raised for (a KONDAKUTO wardrobe 
is lowered). Moreover, it can also consider as the configuration which made 
thickness of a juxtaposition arm resonator thinner than the thickness of a serial 
arm resonator. Also by this configuration, loss of a passband as well as the case 
of the above-mentioned example can be lessened. 
[0194] 

[Effect of the Invention] According to invention given in claim 1 thru/or 3, 
compared with the conventional thing, whenever [ passband external 
suppression ] can be raised, moreover, pass band width can be extended to 
coincidence, and a ripple can be further lost small or substantially to the 
appearance explained above. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the principle Fig. of the surface acoustic wave filter of this 
invention. 

[Drawing 2] It is drawing showing the basic configuration of the filter circuit using 
a resonator. 

[Drawing 3] It is drawing showing the structure and the equal circuit of a 1 
terminal-pair surface acoustic wave resonator, and its notation. 
[Drawing 4] It is drawing showing the impedance of a 1 terminal-pair surface 
acoustic wave resonator, and the frequency characteristics of admittance. 
[Drawing 5] It is drawing showing the filter shape of the filter of drawing 1 which 
comes to connect the IMMI wardrobe property of a surface acoustic wave 
resonator and them. [ / near the resonance frequency ] 

[Drawing 6] It is drawing explaining the conventional surface acoustic wave filter 
of drawing 42 . 

[Drawing 7] It is drawing showing the effectiveness at the time of adding an 
inductance to a serial in a resonator. 

[Drawing 8] It is drawing showing the effectiveness at the time of connecting a 1 
terminal-pair surface acoustic wave resonator to n serials. 
[Drawing 9] It is drawing showing the opening length dependency of the passage 
property of a juxtaposition arm resonator. 

[Drawing 10] It is drawing showing the opening length dependency of the 



passage property of a serial arm resonator. 

[Drawing 11] It is the circuit diagram of the 1st example of the surface acoustic 
wave filter of this invention. 

[Drawing 12] It is drawing showing the passage property of the filter of drawing 
11 . 

[Drawing 13] It is drawing showing the effectiveness of the inductance addition to 
a juxtaposition arm resonator. 

[Drawing 14] It is the top view showing the structure of the surface acoustic wave 
filter of drawing 1 1 where the lid is removed. 

[Drawing 15] It is the sectional view which meets a XV-XV line among drawing 
41 . 

[Drawing 16] It is drawing showing the 2nd example of the surface acoustic wave 
filter of this invention. 

[Drawing 17] It is drawing showing the passage property of the filter of drawing 
16. 

[Drawing 18] It is drawing showing the enhancement effect of the ratio (AP/AS) of 
the opening length (AP) of a juxtaposition arm resonator, and the opening length 
(AS) of a serial arm resonator. 

[Drawing 19] It is drawing showing the 3rd example of the surface acoustic wave 
filter of this invention. 

[Drawing 20] It is drawing showing the passage property of the filter of drawing 
19. 

[Drawing 21] It is drawing showing the 4th example of the surface acoustic wave 
filter of this invention. 

[Drawing 22] It is drawing showing the passage property of the filter of drawing 
21 . 

[Drawing 23] It is drawing showing the 5th example of the surface acoustic wave 
filter of this invention. 

[Drawing 24] It is drawing showing the passage property of the filter of drawing 
23. 



[Drawing 25] It is tine circuit diagram of the 6th example of the surface acoustic 
wave filter of this invention. 

[Drawing 26] It is drawing showing the 1st 1 terminal-pair elastic surface 
resonator among drawing 25 . 

[Drawing 27] It is drawing showing the passage property of the filter of drawing 
25. 

[Drawing 28] It is drawing showing the effect on the ripple width of face by beta of 
reflector installation location d=(n+beta) -lambda. 

[Drawing 29] It is the top view showing the structure of the surface acoustic wave 
filter of drawing 25 where the lid is removed. 

[Drawing 30] It is drawing showing the modification of 1 of the 1st 1 terminal-pair 
surface acoustic wave resonator in drawing 25 . 

[Drawing 31] It is drawing showing another modification of the 1st 1 terminal-pair 
surface acoustic wave resonator in drawing 25 . 

[Drawing 32] It is drawing showing the 7th example of the surface acoustic wave 
filter of this invention. 

[Drawing 33] It is drawing showing the effectiveness to the ripple generating 
location of electrode layer thickness (t). 

[Drawing 34] It is drawing showing a condition when the ripple (rP) by the 

reflector of a juxtaposition arm resonator falls to a RF attenuation pole. 
[Drawing 35] It is drawing showing the thickness dependency of the passage 
property of a resonator mold filter. 

[Drawing 36] It is drawing showing the result of an experiment of an insertion loss 

and the thickness dependency of a ripple generating location. 

[Drawing 37] It is drawing showing the 1st 1 terminal-pair surface acoustic wave 

resonator of the 8th example of the surface acoustic wave filter of this invention. 

[Drawing 38] It is drawing showing the passage property of the surface acoustic 

wave filter which applied the resonator of drawing 37 . 

[Drawing 39] It is drawing showing the modification of the 1st 1 terminal-pair 

surface acoustic wave resonator of the 8th example of the surface acoustic wave 



filter of this invention. 

[Drawing 40] It is drawing showing another example which realizes the 
inductance of the surface acoustic wave filter of drawing 1 1 . 
[Drawing 41] It is drawing showing still more nearly another example which 
realizes the inductance of the surface acoustic wave filter of drawing 1 1 . 
[Drawing 42] It is the circuit diagram of the 1 1th example of the surface acoustic 
wave filter of this invention. 

[Drawing 43] It is drawing showing the configuration which materialized the circuit 
of drawing 42 . 

[Drawing 44] fap <frp It is drawing showing the IMMI wardrobe property of the 
surface acoustic wave resonator when carrying out. 
[Drawing 45] deltar*frs-fap It is drawing explaining change of the passage 
property of the ladder type filter at the time of making it increase from zero. 
[Drawing 46] It is drawing explaining the property measuring method of a surface 
acoustic wave resonator. 

[Drawing 47] It is drawing showing the admittance of each surface acoustic wave 
resonator of a juxtaposition arm and a serial arm, and the property of an 
impedance. 

[Drawing 48] It is drawing showing frequency dependent [ of bx product ]. 
[Drawing 49] It is drawing which expressed a part of circuit of drawing 42 in the 

equal circuit of L and C. 

[Drawing 50] | bxmax | and deltaf/frs It is drawing showing relation. 
[Drawing 51] k2 It is drawing showing relation with gamma. 
[Drawing 52] It is the circuit diagram of the 12th example of the surface acoustic 
wave filter of this invention. 

[Drawing 53] It is drawing showing the configuration which materialized the circuit 
of drawing 52 . 

[Drawing 54] It is drawing showing the property of the surface acoustic wave filter 
of drawing 53 . 

[Drawing 55] The inside of the filter of drawing 63 , and output side Yp It is 



drawing showing tine property at the time of mal<ing it decrease. 

[Drawing 56] It is the circuit diagram of the unit section which used the surface 

acoustic wave resonator per piece as the ladder mold. 

[Drawing 57] It is the circuit diagram of a circuit which comes to connect the unit 
section of drawing 56 with multistage (n steps). 

[Drawing 58] It is drawing showing connection and the boundary of two 4 terminal 
circuits. 

[Drawing 59] It is drawing showing junction of the unit sections. 

[Drawing 60] It is drawing explaining how to connect the unit section to n (> 2) 

stage. 

[Drawing 61] It is drawing explaining the configuration approach of the ladder 
mold circuit of this example. 

[Drawing 62] It is the circuit diagram of the conventional surface acoustic wave 
filter. 

[Drawing 63] It is the circuit diagram of the 13th example of the surface acoustic 
wave filter of this invention. 

[Drawing 64] It is the circuit diagram of the 14th example of the surface acoustic 
wave filter of this invention. 

[Drawing 65] It is the circuit diagram of the 15th example of the surface acoustic 
wave filter of this invention. 

[Drawing 66] It is drawing showing the configuration which materialized the circuit 
of drawing 65 . 

[Drawing 67] It is drawing showing the property of the filter of drawing 66 . 
[Drawing 68] It is drawing showing the ladder type filter circuit which has 
arranged the surface acoustic wave resonator with which resonance frequency 
differs on a juxtaposition arm and a serial arm. 

[Drawing 69] It is drawing in which making the frequency characteristics of the 
admittance (Yp) of a juxtaposition arm resonator, and the frequency 
characteristics of the impedance (Zs) of a serial arm resonator correspond, and 
showing them. 



[Drawing 70] It is drawing showing one example of the conventional surface 

acoustic wave filter. 

[Drawing 71] It is drawing showing the passage property of the filter of drawing 
70. 

[Description of Notations] 

60, 90, 100, 110, 120, 130, 240, 250,260,270,280 Surface acoustic wave filter 
80,150 Surface acoustic wave filter equipment 

81 Ceramic Package 

82 Filter Chip 

83 Lid 

84- 1 to 85-6 Electrode terminal 

85- 1 to 85-5 Terminal 

86- 1 to 86-5 Bonding wire 
124,125 Attenuation pole 
127 Inhibition Zone 
131,201,211 Excitation electrode 

132, 133, 160, 161, 166, 167, 202, 203,212,213,242 Reflector 

220,221,230,231 Microstrip line 

241 36"Y Cut X Propagation LiTa03 Substrate (Chip) 

Rs1, Rs2 Serial arm resonator 

Rp1 -Rp3 Juxtaposition arm resonator 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not 
reflect the original precisely. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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9 0 4 4 ^i^fg t i iBK § ixT V ^ J; a , mmmm * 
riil 3 0 0lil_ht^S<7)t^L. mmtiSig-^^ 

ifc^^'yt 1^^:3 6° Ycut-xfeMLiTaOg Tli, 

r{± 1 5f5^Dfifrt^-^, jrb^fiifia ( 8 ) st^i; *9 , st 

^ V b 7i<^T1.d 0 . 0 4 "u , 3 6 ' Y c u t - X fcJSL 
iTaOg -C1±3. 3%h^rS. faf-^T. S«^fff4>6i";^ 

[ 0 0 2 6 ] ^t-C. 

^52-1904 4-5|-(;:3Si4$iiTl^-S> J: 3 (c. ^ffiM 
C 0 B ^ >; t -J;, - -Hf fe!{1ig{ i; f/v fcVv < X 

ltd. ^tLmem-oxmKtm-th. mmm. 
mmmt^i^mi^t'^^x a t,zmi\^m f r t f a ^ 

mcomnmtziiwmm'^^Lxmm^mc^ < 

LTiK) , 06 (A) tcS^^j;d(::^Ji5'h-C(4bx« 

(D$mpi&p 0 . LT 0 < b x< 1 ^sajaji^ti^ 

( B ) ^co^mm-t. 

[0027] caia=^Jili;7)esj»] ]ii±(7).iF^iffi^t- 1. 

\±T ^■ s ^ yximi^^ <^hh\^o2 -^ff)m^imtz 
-fz. b ti^'m:X-h li „ ^ y b°-^>xfi^r h 5 ^ yx 
m±%<thm.mi. ^m'?mMi±%<thfzib 

< t-S ; t ^< , =tii3't-ii«*^ eSJ»-C-# § >! i: 

[00 28] t ®tO*fi^T-|)l.^tS^O f r , f a 

(Dm^miifmtLxii. -m^mf'mmm.^m^ 

lzmuz4 yf'9 9yxi.^mw~thMt-m}X-h 



-fr)/'(fa+fr) 

r+1) ■■■(8) 

!> . H 7 ( A ) , ( B ) i^z-n^^nmrnmrnmrnz 
muz-Lb tr 8 n H ^m^Lfzm)A y\^-ryxR 
UT K 5 ^ yxmmmiti7f,-f^ timzm^^fzw^ 
mm^mkmm\mi%ff)%mi\mm^z^st. 

[00 29] 07 (A) 115 0«. LlrMJo^SM 

f^co-^ y tr-yyxi^tt^^-r, 07 (b) , ||5 2{± 

L&'ftjD-rS|fr<7)TKS^'yy!>#ffi^^^t-o 115 3{±, 
L^#jDt!t1t(7)rFS^'yX#tt&^t-o H7 (A) 

j:^. i^^m\:i-ftZb{zi.'oXfrhfa(^mmiifK 
¥^x\-^i>^h ¥^t^i> o ; <^^^X'\m 3 0 M H z K 
:*;Uc, ;(7)a^{4, IrIIII (A) c?)^ y t-ryxc?)M 
J: 3 (c. a:^iJ(cL//1iP;bS Zb^z 
J: D7i:Oii;Jfcls/i(ti7) ^ > t-y > co L^^ 

^3t?l±(f^>ill.lS*. f r^^f r' ^bmiLtzfz^ 

X'h^. .rmf a{4{ii:^^»^v\ -fytr-^s^-y 
x<;:imxh^TY^^yxi,ntm^t^^nm (a) 

tZTKt-ct 3 tl^-fbtl. , frt^fr' ^b 

mt Lx\ ■> !> c timmzhfph ... 
[0030] mzm)m-x:h htK ty^^ yxmi 

07 (B) ii--Wfit^ii--(ry^o\.zi.^mm,ZbX-± 
%<t^:-^x\-^h. it-l. Ay^-^yxmmi 

( a ) kz^ti. 0 \z^m\X:\xmzA^^ <^£-^X\^h. 

^->x. wmo^^wmuzzo^-jim-kmmhmis^z 
\±A y\^~¥yxm±^<th-Hmwz'mbt 
h . ^t\Mz\mmzmm<m iwrnrnm^^^m 

mfhMzX'^WSkX:%h. 

[003 1 ] 115 5i±. — ?(7)^tgtff(7)-f yt° 

-fynm^^t. 115 6i4. moymm^W^z 
mm L)t*4^c7)it®i5i>o^ y b°-^-yx#tt&^t-o 
Hstcs^t-iat;. MWymm^WmhZUzX^ 
^m^<ryAy\^-f'y7.mUy\%ztj:h. -Jffab 

f rcomz-^v^xii. Lmv^rmcoiiimmmicomf)^ 

0 i± f r " fc . 1 fflt^itS^c^Ji^t^ f r ' j; 0 ^^j* 
<^rl>ii^i7). L^S^i^^^B^j; O^jf afc f rt^^ii 

< fciii. , L'j^^mx%miLcoimm'^i-.z. b \z 

f afc f ri^^a§|i,t;i;#<^|,. 

[0032] mmmm^m^^h 2oao#i5i; l 



(5) 
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p tmm^mmmnrs ^^^-ik^^immK^ 

frs >fap ti-^1jmi^^X.^tl6. fit, frs >fap 
[0 0 3 3] L^^L. frs -fap = A f k fZ A f COi^ 

# § mm^i ^ k T-\ sw±. m^mm. m/iz u -y 

t ^ k >&iT'§ § , Pfflfi^M 1 1 -cf^ 

[00 34] lilT. *?fe0J5t^l^§^ M*S^^-»tM(C j; 

D i)^0fl^i> , mmmimk a. k' > 5 ^ u - > 3 >iz x 
^f-^z-^o ti^?%mizm-^tz>^a.u-> 3> 

l:Z-:i\^xmmzm^6 kkh^z^ > 5 ^-^ a > cOIE 
(B) tS^L:t^iilflIi?&(i-S?^3¥ttllffii^ii^<50 

t;RI'f#ffiO?Mt^'i-IEil(;:> 5 ..P -> 3 >-ri> C k 
H L V \ ^ ; T-f|Bfl#^*iKt;|fi^ L 3t ^ 6 OX S X 

^^ii#ff^JiBfflt?t (O.Ikata et al.:1990 ULTRASONIC S 

YMPnS I UM Proceed i ngs , vo 1 . 1 , pp83-86 , ( 1 900) . # 

m. ziliim (I) ki-i. } . 
[ 0 0 3 5 ] 09 ( A ) iimmiz-m^M^^mm^ 

r„ HQ (B) {i. MW:. mWA 1 -2%Cu. 

mm^ 1 6 0 oAcommmmx ^tci-m^fnwnmm 
miiimmmL. mzzcoiiimmzm3mmc^)7r:yT 
^y^v^^ (L=i. 5nu) mmLfzm^(7^. m 

[0 0 3 61119(A), (B) iim-t^tiz^mnM: 

mUzX^^m^^AM^f r, , fr^ , f rs T^.l 

tz) (Dm^'^^m.w§T<^mmM.^z-?^^x. mmmk 
tmmm<-^Lx\^i,zkm^-^. mio (a) 
{±. mmi>z^mMifz^<7i. v-s^ix-^-ay 

im^AkbX. 0. SpFCDayry^^^^lx^^ 

[oo37]Hio{B)«. mnmiz^m^mi 
fzt§i^(^mm<^t$^^^^. mio (A) , (b) itt 
m-r^^z^ Rimmmifai , f , fag t^mn 
t Ki^mmmmmx(^ymmM.<^m 

it^j: k-i^mm k^<-^klXV^^^k t^h-b^h . ta^-? 

< -ifc^i> ^ k am^t^xh 0 . »i7)SiifeM{±^ s 
^y-^-ayxn-ofz. 



[0 0 38] mmmi^mim.^mmcomimm 
mm ■ m^mmmmmfi-x i ooM^i)(f i> t , 

933. 5MHz^fti'C«fXt LT, +8. 5 MHz 

(Dmmmmm^commmx. ^^^i-^-ssmuz 

mtifz87 8. 5Mnzt:fpt-mmmkLX. ±8. 5 

MHz commti^^imm t ^ ^ a ft^^^ i. , 

[00 39 ] *^»J«. ±iEtOflitlS^c^}lfi(Ilj7 ^ 

t mmxh h . mm e i ^z-m^nm^mmm^mi 

R2 S.t/R4 3&«LT^I., mm6 2, 6 3. 64t 

X$)h. 

[0040] Li , Lj , L3 li-f y^-^^yxxh 

0, *^ft«lgRi , R3 . Rs te^LTM«6 
2,6 3, 6 4t^iet-rfcS„ ^t|g§|R^ g 
3(A) tCSK-r®Jg€®fflji^:t-r^ , 100, 
IHP^iiSO/xmT'^S, Mfffi. Al-2%CuTi5 

0, mmas, oooAxh^. 

[004 1] ttz. mmmmcommi)mr^.iFj'>x$:, o , 

JEMM6 2, 6 3, 6 4 4'tO#^tgtSRi . R3 . R5 
iO^t^iJi^i, 9 12MHz. M^^®J^iSiSE{± 934 

MnzkLxS)^.-mmmeitp</)^m^R2 , 
co^mmmmit 9 3 4 m h z , ^itmmmmit 9 6 2 m 

Hz t iXhl.- 

[0 0-12] i>V^/9>7.\.., , \,, , L, iXmzi 
n HT-fcl. . ±iSS)tiOWttSffliS7 ^ 6 0 i±. H 

1 241. ^1 6 srs^t-Miai^^^rt-i.. yf^^y 

XL;?)i2nH, 6nHC^J^^, 01 1 £07 ^ 6 OCO 
^^EIl 2^, 116 6 , 6 7t-^f*P< t 

[ 0 0 4 3 ] HI 1 2 \zm-5\ ^x . mmwmznth l 
m-mim-trfk. m 3 (a) m.iQxm^<\z 

tsih. ^ZX\ MA^WAm:b-^-3 dBTP-ofz^ 

m.<D\yK!Hzmmmmi: . mM^mmkUz.. ^ 
miz^ mi 2izm-:^^^x. mn^mmmmzM^iL 
immmh-tk .mis ( b ) on? 1 T-^^t-so< t 

[0044] HI 2j:0**^I.J;at;, L^m^±^ 

<-t6k. f^^mmu-^ 5 5MHz ffijiiigMioffliii 

m>M^7ti^ kti^j;<^j:->XLt d . ^^X\ Ui±ii(^ 

'tmMi^(^y7 4 )V9 1 ojKii^tttt. mi2^me8 

[004 5 ] HI 2^. :*;^»Jt^7^;L'^60t^fi}^ 

(116 5 ) ^;^^^^fi}^^f[4 (ii6 s ) 
fcibi^^l.^, tmmwyy A}V960i±. Vt^yyA 

)V9iZlt^<^X. ^EP7 5T-^K^J; at;a5i^Jit§*^'JS 

< . ^EP7 exm^i. 0 i.zmmm9\-<^Mi±m^i^m< . 
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m 1 4 sw'H 1 5 i±. mil <7m^mMW.y ^jv^eo 

[0 04 6] 8 li±-b5 5-y^^^-y^->>\ 8 2{i:?^ 

0.^-fXi±5. 5X4mm2 <7)^S§y6n . 5mmt/h 

SifjT8 4-i-84-6*%MLTfc^» 
[0 04 7] 7^;l'^^-yT8 2{i. L iTaOg 
3^0. ^f-fX'{i2Xl. 5mm2 cnW^i)^^ ■ 5mmT' 

1)1.0 ^^07^;^3'^'y7°8 2<7)^ffit. ^fli^n 0 
0. |^P^*^8 0x;m, «m^Al-2%Cu. mM-ff 
3, 0 0 0At^liffMSIf}i^1r-ri>ftfi#iRi 

[0 048] t^c7^;l^^'^v7°8 2c?)^HtC(J. 

8 5-2iat>'Hoi^r-XfflSS^8 5-3, 8 5-4, 8 5-5 
LT I) S o 8 6 - 1 -8 6 -5 {i:#>TV >'^'y ^ 
t'S) D . A 1 Xii A u 0 , 'i'kif 2bnm4> fl) 

0. 7^^S^84-i-'84-5fclS^8 5-1-8 5-5 fct 

[0 04 9] >Icoa*>, 7-^^86-1, 86.2ii^«H 
1 l^i^itMM6 liO-gP6 1 aaV6 1 bl-^Bg^ 
V^^86-3ii7-Xffl««^84-,fc8 5-,h 

■^^8 4-4i:8 5-4i:i?)r^t:ffiiEtTfeO. V-^^8 6 
-o{4S'J07-Xffl««^ 8 4-5 1 8 5-5 

[0 0 5 0] ;oy^-\'8 6-3-8 6-5{i;;l$f/'^^t 
2. Ommt^V\ Z(^i.o\Z. m<X^\^V A^MM 

m-^A "pxrmni wmm±^mM<^v 1 9 9 t^iE 

tfe) tcJ;tm\ ±iEt^7^-\'8 6-3, 86-4, 86-5O 
Avy^^ynmi nHh=Sri.« 
[00 5 1] Axi\{(nAvf'7 9vx^%hfzmzM.z 

tixw^^xh D . ^-fhmA oat>'H4 1 

J; a^r^r^S ■y^'^^°■y^^-^•^:7^;^^^-yr±C0 
\.m\m^fz. Zay^o\z\^x. mi l^(nAvf^9 
y 7.1.1 , L2 , L3 &1iE£t-|>o 
C HSfi^J 2 ] H 1 6 2 SlfeMt;^ S 

[ 0 0 5 2 ] 0^, HI 1 \>zi^-f mwM'jihnmhm 

^As i±. 8 0x;mT-fe|,, MMM6 2t;i±. ^W^V. 

1, kA yr^^yxL, timm^zmm^tiXiiLx$) 

[0 0 53] IMP^gAp ii. If^P^As i i9^< . IMP 



^As 01. 5f§-CS)S, 5H;ii^R2 &17"RiA^0 
Mi^Np . Ng 0 0T-J)D. ^tu, ;t^7^ 

)v^9o\i.mn^.m9i X7r--fmm^^^^^ 

h , ; OffiSfttt^il 6 5 TWH 1 1 to 7 ^ 6 0 

[0 0 54 ] mi Sa. HI 6^?)^i)£^?)7^;^^'^?)Ji}!i 
#ttcD^1P;i1S#tt^^^-r« |sIH (A) a. HI 6t:^ 
f J; at;L:i^#Jii§^iTi^S^^. 04 2ts^t-J; a t 

iico^p^ (As ) \zmhmmmi^(^WiU^ (a 
p ) t^^ibAp /Ag fc, ^m^m)m(m\m^^ . 

[00 5 5 ] ^\m\-m\£mi.. 4nua)4 y^-^^yx 
LmM^iiXv^m>^^Ui. HQ 2T-*^*P< 

9 3T-S^-r*II<tC^S, i>^C. III18 (B) Ap / 

As bmrn^mmtcomm^t. mmmma. 4n 

5 T-^K-tlfD <t^:D. ^y^-^'^yxL mm ^tlX\^ 

119 6 T-^j^-r*D< „ 
[0056] 018 (A) . (B) OTiO^t;^)^' 

<2)mm62i<zAyf'^9yxi.i iim-fh^ib^zi. 
0. Ay^^^yx^^Lt£\^^^\,z\t^x. ^ygtiR 

i. O^P^^Ap c^iM^c^S&Sj&^^^<^'9, L;?)^t^M 

[00 57 ] iiliO; t A, t . JiiBMWf07 ^ 

9 0 a. HI lc?)7^;t/^'6 0t;ih^-c. Mi^WKi 

c ^tfef?ij 3 ] H 1 9 3 ^ifeMt; i h wttn 

Mi&y ^119 1 0 o*5k^„ 

[0058] m^. H 1 1 &t^H 1 6 tS^^fflfiicgP^j't 

R2 (7)MitNs aiOOT'fel.. M«6 2ta, mi 

URi E i: ^ ^ y X Li ifimmmt^tixm L 

T^feSo ftai^RiBtt. Mi^Np fjnsoxm. ±iE 

(7)J±®^R2 ^0>^^S[Ns J;Oi^<. ^tOl. 5mxh 

[00 59] ftS^Ra St^'RifltOlflP^As , 

Ap liMzSOfimX'h'O.mLX-^. Z(DyA]V9lO 

oi±. H2 0^. Ill 0 ix^.-fimmm^^h. z 

cDa5i#l4&. ll6 5T-^t-Hl 1^07^;^^6 0^oa 
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[0 0 6 0] ttz. mi TPB9iT7]k-tmi ecoy^ 

kfj^m^i. tft-^x. ^mmcoy 4 ii-^ i o ott. m 

1 1 07 ^ 1 1 tib^T . jlji^Jit§^$^<lJ:-f 
[006 1] CIIMM4 ] la 2 1 tt*f&0J<7)m4||}t(?iJ 
t iOH^fefc^f I. ^ i: J; -:> Taja#tt^5Si»L!t t <7) 

[0 0 62] mme i(7)dh. mme 2,63 <^^m 

tl^zmm^Z 3 n H yy^ ^ yx U /j%JD L T h 
Rt<. ltMll6 MMM6 3, 64t75ra1 

[0 0 63] MIIJM6 2 tJi:, -oi0.ftlil|Rfig^-(t 
3 ^■it*«tT$)S» ^WiZ^ M?iJM6 4fc{4, -tO^t 

^§ffR4 ^'(tsi^LTfc-l.^ :L<ny i oti. H 

2 2*, HI 1 ix'^Tmmm-M^h. ^^x.A 

yy^^yxu mf-(r)^m^Rt , r., (nmm-^h 

mz-j\^'mwrt^, 

[0 0 64] 02 liD7^;t/^ 1 1 0 i 0, y^'"^^' 

2i<z7rs^mkcr)y ^)V9ibnt<^j:t. z<r>^m.<^m 

mmii. 116 8 (01 2#BS) T-TKt-^KT-*!,, J: 
IB^ yf'^ 9 yx Ls ^ i6 jDt-S t , ^EP 1 1 2 T-Tj^f- 

j; 3 tcai^wi^^fefc^^-i. t^t^c, ^Ep 1 1 3-cs^-r 

T^hh. m\z-mwmM^<nm:kt-±% < . mmmmm 

tci^ 1 5 M H z ^iits*^'te± Lfc „ mmmmt . m 1 1 

4T-S^^rfc<tC^c-o/S, 

[0 0 6 5] ^m9ms.mii+-^Tt: 

v\ ^^T— (7)Jt®#|R2 , r^ ^MnLfz. ^<D-<r> 
^t^Rs , R4 ^itJirrsi:. Mia^Jiis^s^a^s^ 

dBHjC#§n. Ill 1 lT-^Kt-a5i#l4fc^-o/-c, 
[0 0 6 6] HI 1 1 ^116 8fclb^t-|.t., ^EPl 1 
6 T-S^^ J: 0 t;fM*C>ls^*t;lb^THic#§^T I , ^ 
lIMM6 Ic^^tg^R^ , R, \i^M^\mi}LX-h 
i^W i/i, 02 l*-*JIIlT-*^j;5t. M?iJM6 

2-64t;, ^y^'-^'^yx^SfALTCjJ;^^, 
[0 0 67] mmm 5 ] 0 2 1 a^^Bj^c^m 5 mmm 
^zts:hm'mm'^y A )V9 1 2o&^t-o 0*, 01 1 
{z^^mm.'jfb n-mum-^'^ii^L. ^com 



¥^9yx\miAnnThh. 
[0068] g(Ji?)M?iJM6 3 cTi-i yf^ ^' yx L2 a^A 
y^-^ 9 yx\m± 5. 5 n H T-l) !> „ StSiJoM^iJM 6 

AcoAyy^^yxu (^^yy^^yximn nwx 

xLi -L3 o-f yr^^'yxfi^M^^.ta'^^ifctc 
j;'5T. 7 'f;!^^' 1 2 Oii, 02445, HI 2 iT-^^-f 

[00 69] -fy^-'y^^xLi -L3 c7)^y 
f^^y7.m^^XAn\{}Lm\^\M\ K^y^fV^e 
0 commit imLx^i>. ;o7^;i^^6 0(4, 0 

2441. H 6 ST-^-TMtft (01 2#SS) &*-r 

*Si»)7 ^/L-^ 1 2 Otoa5i#l4i±, ±iE7 ^ 
;^^6 Ot?^3iMtl4t^lb^vT. aj^^JitM^M^i-l^i^S 
; .h ^ < , ^Ep 1 2 2 T-tS-T J; 3 tffl}i^«^hffPJ±E*i 

[0070] Mj^^JiJ; OffiMifeMBilt^v^-c^l, i , 

7^;t'^60t^'?T{4902MHz #i£t-<7)}i«® 

1 23L*^^*^-5/iic?)t^LT, 875MHzi:89 

2 M H z to - fim tMSS 1 2 4, 1 2 5 t)m^ LXU 

1. ztazX^). z.-j(7)mmMl 24, \23h<rWi<n> 
WiLWMm 1 2 6 1 2 7 t =5:1, , 

[007 1 ] CII3iM6 ] 02 5 i4*^BJom6||Jfi^J 

t;^s3ittigHjS7 ^ /t'^' 1 3 0 ^s^-r« immu. 
m:<n^^m-yfz%i<nxhh. m^. 01 it^s^-m 

[0072] M^JM 6 2 <7)ffi 1 (7)3ittSH}S^^tj|^R^ , 
{4,02 6 t^^-f J; 0 1 3 1 1 , di^MMt 

Eitu 1 3 2, 1 3 3 ^is x.tmm'^h h . mm 1 3 

2, 13 3{4i]KmSl3 1tM*f^l 3 2, 1 33t 
d= ( n + /3 ) - A ■■■CD 

mwm^znmuzmmm.mmr:hh ) t-^^?t-t 
^, /i = o. AhLf.it%(r)^mzm^xhi>. 

[00 73] ilBKIttffl 3 2. 1 3 3<7)Wi, 5 0 

6 4(7)Jtjit|R3 3, Rset, ±iao*StlRiBfcR« 
[0 0 74] JiiB1SEgt07^;P^ 1 3 Ott, 02 7*H 

1 ^Ax^tmmm^^^th. --omm^m,i. 01 

1 1^7 ^ /L^^ 6 0 t^fi5i#tt ( H 6 5 T-^K^ ) t;ib^ 
T, ^EPI 3 5T-^^t-j;3t, }l^^«tO#AlM*Mfi 
M$^T^^I>, yv77^rp i±, 02 6tC5K^ 

j; a t;M?iJMt^llS€S i 3 i toMfflt^RM^ 13 2, 

\3 3mmhfzzyAz^'^x%^htzho^xhi>. 

[ 0 0 7 5 ] ^ 1 3 2, 1 3 3 0%m{m 
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p (7}W^<7Mm\i . a 2 8 cfi^ 1 4 0 x^^^< 

!> o ^H^, * 1 4 1 -y D . 

[0076] ^(D^bii-^^. yS^O. 4tcSi6TS)§„ 
02 914. H2 5 3 0^113® L?tWtt^H 
^ 1 5 0 H^i. II 1 4 t:^^-r« 

[0077] 1 32, 1 33, 1 5 1, 1 52, 1 5 

3, 1 5A\i^^mmh^. mz. mico-s^*f 

mmM 16 0, 1 6 1 *ffi L fzm^-z-h h . 
[ 0 0 7 8 ] H3 1 wm^m^^-f. 
Ri Bb (4, wmmi 'iKm'mzmmb lt. x 

bU-yr7U->fS«ffil 6 5, 1 6 6 &iSL^«-C35 

C^Jirf^l7 l P?13 2{.±*f&Rfli^m7^tfiMt^'^,5'f.tt.^ 
mi-7 i}^? 1 7 0*:;j;r.. **ftM4, ^MeWb >|nj 

Q=Zo/Zm=Vo/Vi 
(Vo, Vm: iiUmay^'mSTt'tDWa. k2 :m 
tL. « ( I. ) i'^J¥ttJtfiJ-rS^N° 

[0 0 82] ,raM<fc7^;t'^'(7)ftic^JiijS^itf o{4. 

f o = 2f o' / (1+Q) - (10) 

^S^^-^-gyco^S. a (t) ^±#<t-|.i:. W 

^«®MJ?*J¥< LTVKt. U^yyVt-rp tfOim^ji 

i!feS:eM*^'S3 3 ^EP 1 8 Ot-S^-r j; d tC, 

m.'7^^\z%'^,X\^±^^hi?%'b-->fz. Z.Kkmmi\<z 

ia3 3tsK-r« 

[0 0 83] ^fc. 03 341, S'J(7)';yT;l'rs it 

^iIM^tStloRMts^iMHT^^fet-l. I, „ H 3 

4aa ( t ) = 0 . 0 8c^B§T-\ MMMt^J*S§ff^JRIt 

0) Ttt:!s^-oTffiMmiiK#»L/i/-cfe. ^ti^llIEt 
^< , ^>{Mmk^ 9 3 2MHz \Zij:h i.^\Z^ WWi 

[0084] Z.K^%n(mn-):.(mm:-7i^hfzi^. & 



[00 79] y A)V9 \1 ^M. m2lcryy.if)Vll 
0O^*>. #M?!JiE6 2, 6 3, bAffMlc^M^mm 
iS^S^RiB. RsB. R5B^*^ll2 6t^^j;5tiJ 

wmm 1 3 1 (7)]iHi(7) B-ffiQ. 4 t-s^ seMt^^M^ 

1 32, 1 3 3^m,Lfzm^X'hh. ^<Dy ^JV9ll 
Otj;ix{f. I12 2«1 1 lTW#l4J;'9t. fflii 

mmom^ipj^^^£< . a-^u -yr;i'i>?P;t^>tL}taia# 
[0080] mmms-} immmn. 02 7 ft^ou -y 

[008 1 ] ?^m^m\x. 0 yrfv</^mtimmmmt 
mjimMtcr)mm>^^j-]y-'^3>^ziijm'^fz. ^ 

h-^>^ (zm) b^^mmmm yt'-ryx 

(Zo) fc<7)i:b&:^§<LTl^<;tT'aSJii./i„ ^ 

tinmi ( 1 ) riaE^T^^sj; at:, vmmmmM 
imm-mtuti ztx$)^. znmcot t^m^ y 
t:-f> 7.(7^T-mmm<r>miiwi>zimi-i t^i ^tihtz 
nbxhim-ox. 

i=l+k2 /2 + a it) - (9) 

-yr^M^^t. ^commmmm^fz ass (a) . 

(B) , (C)<7)i||1 8 5, 1 8 6, 1 8 7ii, 
JJ*i2 0 0 0A, 30 0 0a, 4 0 0 0 Ai?)B#iDaj©# 
tt^MJtG$-lJ:TS^-r« i^. mmt:^l^^bl>zi>0^^t^ 

[0 08 5] 03 5>O^^>B^ji>;^)^^j;dt:. 2 00 0Ai^ 

rp , Av^^m^\-(^mmmco^j -/r>vrs t,\ 3000 

r p ' immmmmmtmzm hnxit-^ /sis*. ^ 
jsi^ t u -y 77Pco^i mmmn ht^-^tz. z c^iss(4 

[0 086] u^L, mmmm^'tfzmi^ziii^^^u 

fflffi : r L i T a O3 aS±t^?$tt^Hiife*S^ 

vTR,m,%im^otEfflj , Mi'mm^^m^m-, voi. 

J66-C , No. 1 , PP23-30 , 1988) t ffifiifMt; J: !> tM*Hi{#*^' 

( A ) mm^:mitzmcoMA^WAmcomt^:r^ y h 

Ifz. 

[0087] mm^. mi 9 Olir^jU^mzX^tm'k. 

mi 9 iiimmimzim^^:7r.t. 151 9 2i)mmm 
xh h „ nmx 0 m-'h J; 3 tc. ff Afia 2 5 0 0 a© 

Xm^(^nm)^imh^ *^?3 5 0 0 A< Ji.V^^^ji^y^VL'^' 
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(B) co&i93it. m2 6'pcr,mmmmi3ibm 
^13 2, i3 3commi^tfzm^<^. U-^rjUr, 

[0088] 03 6(A). (B) m-^m^z'mi-^ 

fc.MiftLTii, 2 6 00A-4 0 0 0A*i;i;iiF*]t 

^m\m^^<^mmmmxf (9 32mhzT'4. 4 

// D . 02 6#,^) X-mmtft 0. 0 6- 

0. 09fc^S» 

[0089] *S»Jii. ±iEi^^l«S*(ca'3-< {,^7) 
T-fel> , 03 7 i±*^0J!^?)?*tt.Mlfe7 .^^^.^ 1 ff) 

-m^mmmmmiiimmooi7j,t. wim^. 20 
1 asms 202, 2 0 3 {iRiftit-* 0 . A 1 s 

mmt: {i. «®ii^Ap<7)0. 06-0. 09f§<7)Ji 

[0 0 90] Zcr)i^m^2 0 0 *02 5 mm3 2 ^c^^ 
Offlii#tt{±. 03 8tt3. ^2 0 5T*f*P<fc^'9, 
A 1 ^^^i: Lfzi^^\z\i. A 1 Lfzi^^iz^^X 

[ 0 0 9 1 ] 03 9«, ±iB^t®t|c0^ff^^JTfc-&*ffi 
:^2 1 0 ^S^-To 2 1 1 2 12, 2 1 3(± 

otEH A 1 cr)mm t cotttzniMmx o < ^i. , 

[0 0 9 2] Alt7)^*/Au(7)^S=2. 7/18. 
9 = 0. 143X'hhfzib. MMmmt2 (±.0. 14 

3mLx. mmmm^v <^o. 0086-0. oi3fg 

(^M^klXh^. ^C0^^tl2 1 0^02 Sat-^'as 
^ /L-^ Oiiiitf 14 1 , 0 3 8 ^Z7j^-t1m< D . ilii® 

m^zv yrMmhm^\ 
[0093] cmmm9 ] 0 1 1 ^<^^ y 

04 0 0 1 4 iz9^tmfs,m^^knm-tm^^zm 

[0094] 220, 221 (ii^'/^f' ^'^I^O-e-f ^ 
-yr^^yT-feO, *^S^8 4-3S.t^'8 4-5 
m\iiLX^y^'y^r^y'r~i^8 1±^z]fMLXhl. 
^-7 A ^ nx b y -y T^^ y 2 2 0 , 2 2 1 t^5tS*>r 
-7.b^mLXhh. ^v^^'nXbU vr^^y2 2 
0, 2 2 lOVN-^J'-ylisiii 0 0 //m. v-f^'n;?. 
■yT^^yhr-xrali^^SaO. 5mmT-feli„ 

[0 0 9 5] ■fe5 5>y^'y^v^->^'8 l(7)i;bl^*^ 9 



:i:'OyC.bUv7°7-f y2 2 0, 2 2 lffUyf'99y7. 
ffl(i2nHt^|,, 

C^StfiJ 1 0 ] ^tmu. m 1 1 450^ y ^- ^' ^ yx 
Li , L2 , L3 ^mM^hmzmm\x-hh. 
[0096] 04 141. 014 \,z^tm^u^bnmt 

0,231 lii^y^yAm-^A ^' b u -y 7°^^ yf 

v7°8 2±t;?^fi!cLTS)l., #^-^^n>!>hy v7°7^ 
y2 3 0, 2 3 105feSt. S^8 5-3, 8 5-5;&^m 

[00 97 ] :g--7^7nXby.y7°^^y2 30, 2 3 
lii, J¥§//30 00a. m^ifibOum^ itmm2m 
mXh !> , 7 ^ il/:?- 'y 7° ( L i T a O3 ) 8 2 OitP 
nM^AAbt^^b. -7^7nXNy -yT7^y2 3 

o , 2 3 1 c?)-f y^^' 9 yxmi. mmi^X ^.2.2 
[0 0 98] ^tj. -fy^^'^'yx^, ;KyT^yi/'7 

'f^86-3, ■fe75'y^'-'N°v^^->^'8 iJiOV-^^'p;^ 
h y >y7°9-^ y 2 2 0 , y 4)V9i--/rQ2±.C0'74 9 

h y >y r y 2 3 0 ^w^m^h^h ; 1 1 j; 
c^M^ji 1 ] mA2Mwmn%\ immmzxiM 

ttmM7 ^ yl-^ 2 4 0 S:S^-r« 04 3{i;tL?: a^ft^t 

[0099] m?m\m±.. t.^immm<nm:-mi^ 
%mm<mmmz-)\^xmmh . 
mmm<mm 

^Wmm^hh<7}Xm . ttz. Af =frs -fa? 

^&nn<nwk^m\.<'4^\t'^^ti:\mm\z%^ 
[0100] mmm\<mim)k 

fflJEtr^dtMtCi^V^Ttt. fap =frs My i^V^OW^ 

^m^j&m-hfz^\<z\mwj:^^b ^tixv^h. Lt^ 

t a . ^ ; TM^iitS^fifc^t- 1. >tis^tc , 04 4 tcs^ 

-ri^tfap <.irs bt^^b^^ifz. 
[0101] Id^^b. mmi)'^m^ij^^j:Xdiz^ fa 

p < f <f rs commxu b X < 0 5: 0 . fijiiitoai^*^ 

^v|,j;at:Af {=frs -fap ) t^^#§^§lMLT^ 
ilif . b X mcoimiW^iZ7h$ V ^fit-^S I tzi^ , 

[ 0 1 0 2 ] 04 5{i:. A f =frs -fap ^^;f)^A>tMJlD 

Lxv^-otzm^^m^my 4 )V9(Dmmif'm^t. mm 
m-b LTa. j±ms«Ji€$i.ti«!Si^fm*^'o . 0 5 
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<7)L i T a 03 ^ . mmmmcoA 1 mtmms 0 0 

[0103] t*^L. ^ll-fttcJ; OMii^Jil^^^fM^C) 

2 0 d BjiLh^nJit-s i-^mmib Lxmimi>(^ 

^mzmam^ isou mx-mw 5 0 m-h i> . itM 
m^ioit p = c p / c s a 1 xi) I „ 

[0 1 04] 124 StCjil^T. (A) {iAf = 0iOJi 

Bp-^ltrfEiOSSfeWtO^^T-fc^, imia (B) {4Af 
= 1 OMHztfO^-^-Cfc-l,, |SIia(A) ti:b^-|.t.il 

(m'k 2. 5d R armmtmmmbt^ ) if 22 

M 1 1 z > A 4 0 M 1 1 z ^35J» § tLT V ^ I) » A f <7)ii jDlil 

±t^iiKti*^'Bj# %fix\^h<7y\t. wmm<^mmm 

[0 1 0 5] t/i. WhWJ±Sta:»$tLS. 04 5 

( A ) , {^)\zii\ ^x-mwmimw^vmm ( 

\Z7^Lfz) i?\ 9 dB;?)^A>2 0 dBtK#§^l-C^>l., 

h<T)^x:t£<. nrnz^wmmmm^^mix-hmix: 
iiitiHcomMmizmmij^hi. 

[0 1 06] 134 5 (C) ttAf = 1 gMHzfcL/SBt 

(^mmmmxh^. mm^mm'^'^mmmM^zm^ 
mitPM.^tu^i!b h . 1 (^m^x-m 2. sdBX'h^. 

mxn y yr/u±mm&<^m 1 . 0 d b t ^r-^^t, zti 
iii±co A f crMMnm^^it t ^m\H u -/ 7'!i'cr)mmt 

^j:'ofz. m-^X. Af = i9MHz;6\ Af&iMJD^^i: 

4 5(c) x'^-tx 0 i,zm2 1 d B i:^ 0 , mM<^m4 

-j (6J,.^ 

Z s = J X 



5(A) t jt< 2 d B co^mtim ^tii>. 
[0107] ^ff^m^zmimh x«ai;-t^j; a^fit;^ 

-oTl.^l>tO/&^^|2l4 5 (C) OAf = 1 9MHzO*|-^ 
t;#SL. 04 6 (A) , (B) T'S^^ j; d ^HSIffilS 

T\ mm<^iiimmiiT f s ^ y x ^ , mmm^^mm 

-^r^'yA if' Srffiffl LTIt^v \ to S 2 1 Srffljg L 
fz. ^LT. ^(7)ffi^04 6 (A) . (B) \,Z^^\,Z 

[0108] ^am%. 114 7 \z^-tX 0 ^MMMf 14 

tC^So |S|0*^^>fap <f <frs £7)iEHT14bxm*it 
[ 0 1 0 9 ] b x«(7)^ft<;oft:^ffi I b x„,, I i±m 

m-txoi,z 

[0 110] 
[iSc5] 

f = i/tap Xtrs 
[0111] <7)B#t4;t^>^l, *^#t^JT1±0 . 0 6-f 

fco/i. Hp^ I bx„, 1 imii^imTxhtLif. m 
yiifzWAmco'^itm^mm 'yrfvtmzidBi^j 

Tb4^-^<nil^tl^^bti^ht'^. Af>19MH 

zbi-^b. I bx,„ ifiiJijDt, s^m. 

F*]'J >yrf]^timt,Z 1 d Bm_ht^ i9^fflWCi4=5rV\ 

[0112] m-ox. I b I mi)m±^m±m 
<ommb^£ D , A f toimfi*jEfei> o KTtEtHK 

^ttTl¥a:-ri.. 04 9t03tlSIl:J;dt;?ittSH}fe 

^t^ii^ L c <7) 2 m^mmrn'oSiU Lxm2<^xdm 
^my ^ )U:^i>zmA.tfm(ommmmm^:^-f. 
[0113] mmm<^w^mmm^m§<^A y\^-yy 

Ypbtlb. 
[0 114] 

me] 

-(O' ) 

- (1 1) 



-(d' ) 



Yp- jb 

[0 115] i:^!.. 
[0 116] 



-(D^ ) 



(1 2) 



[ij7] 
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t:o.s=2;rf.s = co,. VI + 1 /r 
tx>.p= 2 ;r f .p=6j,» VI + i/r 

7 =Co./'C,. = Cop//C,p 



[0 117] X'hh. (11), 

^^46 St 



bx = - 



( 1 2 ) 5i; J: D b x« 



[0 118] 
[iSc8] 



<XJ* ) 



-0)* ) - 



[0119]fc^|,. (1 3 ) 5^i7)bx(CSfi^^il. 
:^JtIiSI*« ii 5 ( b X ) 5 a) = 0 5f< t 0 . ^tL 



[0 120] 
[1^9] 



0)= VC^«0 * 0(>r. 

[0121] fc=5rS» ;ix& (13) 5S;tftAL^ffij&i 

C„p- (1 + 1/t) 



[0 122] 
[iJlO] 



bx. 



(13) 



■ (1 4) 



(15) 



[0 123] h.t£h. 

A&) = ft),3-ft),p = 27r ■ Af 
t'$>l.. ( 1 5) j!;&bx,„ i:Af/f,,(7)M^i:L 

50OJ;dt^:l., 

[0 124] ^Ilti3V>T, 5tm®e^J(C^i6^^b x0 

a=l / ( Vi' +r) /O. 
[0126] Wiirbr iiSl^^fffC^ t 0 . Hitt 

If. 3 6° Y;5?-ybf5ffiLiTa03 X'^^^Xh-y 
fz. ^COfzHb. (17) xttt. 

a=6. 67x10 -V (4. 22 
[0128] P=l(Dm. a = 0. 02i:^ 

"9. f rs = 94 8MHzC0ia4 5(7)^|fftM<7)Jt^T-Af 
= 19MHzfc5rD. (1 8) x(;*^Ji!cDil-?TVi-&;i: 
«ST-^I>„ Af ^m:^§-ii:l>?M{i, ^gMitr^vh 

[0129] rfiii€M«$g^f^ak2 comm^zitm 

^htz^. 3 6" Y^'/bXfeffit^L i TaOg <7)rm 
t. k2 =0. 0 St^fifc^fflUT. 
IS^f^a^ iol^flG 4 ° .y h XfSffiL i N b O3 
( k2 = 0 . 1 1 ) fc , 4 1 ° Y;^? -y b XfeffiL i N b 
O3 (k2 =0. 17 ) (Dri^^^f^ht. m^i^ 6. 



- (16) 
t^-:)!:. P = C„p/Co.tj:-oTM 
^-|.Af/f,,<7)ft^ffia3?)i^^T'#, ^iXii (15) 
5CO|bx„, 1=0. 0 6i:LT. ii^iSiii^So 
[0125] 
[iJl 1] 
TT- -r) -(17) 
[0 127] 
[ifcl 2] 

VF-1) -(18) 

( "Applications for Piezoelectric Leaky Surface W 

ave" : K. Yamanouchi and M. Takeuchi , 1990 ULTRASONI CS 
SYMPOSIUM Proceedings, ppll-lS, 1990) ^#B3L/i. 
[ 0 1 3 0 ] ^fc, a 5 1 a^Mibr t 

i[k2 t(^mm^^. mmmimse^ Y^-ybfe 

[0131] 
[iJl3] 

1 



[0 132] t LT**6/::C><7)f MS 1(7^^' 



i^. 64Y° ^-y bfc4 1° Y^-/btOXfE«L i Ta 

r = 6. 8. fc4. 4t=5r^. 

[0 13 3] 2 4 1{i3 6° Y-LiTaOg Oy^MM 
WXh^. 1. 5X2X0. 5mmffy±%^X-hh. X 

:hm-h^mM^zm\\mm^ (rpi ) . le^iM^t^ 
(Rsi ) . mm^miRvt ) . mm^^ 

(Rs2 ) . M^iJM^^«§§ (RP3 ) ^0)li•C■M^•CV^ 
[0134] ffl^t^^tg^aiai+j-.^ F(CRIttl2 4 2 

i ^ip^;&n 8 0 m , mM^c^:>mw 5 on. mm 
h 5 om-h^. mmmtmmm(7)^mmi^m^t 

P = 4. 3 9/im {n^^-y^h^^vrXtX : 1 X' 
hhtz^. ^N°^-ytS(iAp/4=l. l/xm) , 

mt^mmii a s = 4 . l e m ( 
fiA s/ 4 = 1 . 04;um) X'hh. 

[0135] ^ii^iimmmit^it(^^^<r>^ 

a=\. 4 7X1 0-V (4. 

[0139]fc^rl.„4r Y^vbXfeflSLiNbO 

3 (r)i^^{Zli.. r-4. ATM. 

a= 2. 2 7 3 X 1 O"'/ (4. 
[ 0 1 4 1 ] t=5rl>« rfl5&^Vh$<^-&S. iP*>€MS 

f^±^< }BiX i i^^Mkfi^a ^\,z<\\ 

mmm 1 2 ] a 5 2 i±*^sjoii 1 2 nisf^jt^i-ji 

ffii^^7 ^;^^2 5 oto@?§^BSt@^^^t-„ 

[ 0 1 4 2 ] III5 3(i:, III5 2</)mnm^<m'mmk 
y^}V9 ^mit Lfdm^^~t. H 5 4 mm 5 5 
{±. a 5 2 , 53 m'mmm ^ fv^mm^^-t. 

^mmmm^mm^y ^ )^^i±. um^nzw^mm^ 
mmmy^f]^^izti\'^x. itM^s^nio-fo^^iJ,^ 

[0143] Mzi. 0 , wM^m^zanmKm'ki 

mz. ^wm'^^^t.xm-WAmz-^uxmm-fh , 

H56(A), (B) (;^Kt-J:at;^l'^^<fct Iffl^'o 

(^)mmmmbmwtMmmTm.im^z^ 0 . ys; 

y|.VN"xff[4&f#|,;t:^iT$l.„ tea. iiOHi-^o 
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(frp , irsWm'&<^m. (frp =8 9 3MHz. 
frs =942MHz) fc^Siat 
A s=V, /frs , Sf^' 
Ap=V„ /frp 

0 0Ai7)B#i7)3 6° Y^-ybXfgMLiTaOg ISt^O 
^ffiigC0W5lT-S> D . ^.^e^t V„ =3920 m/sh 

[0136] ±Mmi^<Dm^mmm ^ 2 4 0 
04 5 (c ) ts^-riS=^«im^ffis*;7)aia!^^^r 

■ft. Af = 1 9MHzT-feS, 114 3 4is Ap 

fzm^LXA. 3 5/imt-ri,fc. Af^nOMHz 

fc 0 . 04 5 ( B ) mmmt^fih . 
[ 0 1 3 7 ] p^, wmmixA 1 -cn^^xh o . m 
J¥!i3 0 0 0 kx\ mmm^&mMU2A 1 oxw^^ 

izimth i 5 t^ffiM Lr !> „ mz . ffioJimSK^ 
fflV^;t^-^c7)fiJtC-^l^TiMBH-ri. , 6 4° Y^ V b Xfe 
iJLlNbOg <7)^-^t:{i, r = 6. SX'h'O (17) 

[0 138] 
[iJl4] 

3 7 VF- 1) - (1 9) 

[0 140] 

[ftl 5] 
, 5 2 /F- 1) - (2 0) 

[0144] ^m.. mmmi^<7y^mmm9Lbm\\ 

\\ 135 6 (A) , (B) mimmimmzxiii:nm 
^mnmTh6t-x\ /o^o^^ymo, ztM^ 

mizmmtfzMi. 05 7 (A) , (B) , (C) t 
^~tiiO^Z3-)<D94 tit , 

[0145]H57(A) {i:Atii:^MO-:^5&WM-C 

l7?fift!::i£5yasif/.6-g,*|^ . (C) (iA 

^^^Mzumwixhtik^ {mm x-hh. 
oi<z^m\LLfz^. mxwK. ^mms.mbh\<zi^ 
fiK^onfgt^ro, -WLmxm%\m<^j:hh<7^ 

CO. ^m9mEmim«tt. tK^zmmmcom^kti- 

[0146] Lt-Lts:t^^j. mmfm±(^yMM^m^z 

^f}mmx'^j:v^ t . mmmcom^ 057 ^pcom 1 - 
r ^^^,n-n' tx-</y^m^) xmtic^KM:hm^ 

[0147] mmm^±com^m^: rtt^tiMi 

tnl01og{r)fc^|,, !ie-9Tmf4KrBl^±t^^ 



(13) 
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B, c, D) ^h-ymmn±^. Av\^~fy7M.^^ 

Zii= 71^1 Hi /Ci Ai 

[0150] ^«i::0e#2M&;^fc-^ ;<-y>f yt-^- 

yxZi2{i. j^^ecoj; a testis. 



[0 148] ms 8{z^t i-^^zmi%i\m^tz4 ^~ 

i;-^yb-^->xZiitt, @ff^i04i^i^saAi , B 

1 , Ci , Di ^m-^x^k^cD^oizm^tih. 

[0 149] 
[i![l 6] 

- C2 I) 

[0151] 
[ifcl7] 

- (2 2) 



[0152] :.tli:><D4 ^~'J4 yh-.r> .X(it^ffi 
m mrni) Ro t«i:iEM«t::^tl.« ( 2 1 ) stt 

Di Bi /Ci Ai =A2 B 

[0153]|159(A){±. >f y\^~'fyxm^f)m 

^^mmifmx\ (23) ^(D^mmfz^^^^\ m^h 

Z. Y„ 

r= 

2 + Z. Y, 

[0 1 5 5] Z3 Yp nmmcom^'CiiMm^ 

^tiWb^. 05 9 (B) , ttrjm^g (c) 
b-b' 'C{2 3) j^ffymimfzttziibmiiot^ 
Mi«j\ 115 9 (B) (^m^. m 

[0 157] fc^i.. m^h-h' ^^i^^mi^tz-( ^ 

-i^Wyb-^->XZ,2i (2 2) 5^y&^A>^i6l.fc. Z 
^^^bti. mx^KMmm 0 i: ^§ . El 5 9 ( C ) 

mmi>z^yi:~^yxm^ib^btix\^^:^itii^M.m^ 
tit. mzm59 (B) , ic) cox o^xmmmmm 

ixmmm^^mmi-hirm^^mtt . 

[0 1 58] 06 0 (A) a. 9 ( B) , (C)t?) 

mmm^:xmzB o 31 L-c^fiEPai^ n o 2 ) fmii 
uzmm^t. ^<7iXd^^immi-ii}-ni. mm 
(Dmm^^nmmtx h^^&.mmcovjimnim^ 

h^xVK 06 0 (A) cnm^x. m^zmihhom\\ 
m(^)mmn±. t tz\imnw)mmn±^mx. x u 
ktki^^ztikmeo (B) tmimzKc^^. 
[0 15 9] mhxtiitsmiz]&^m)^t^^ 

tiX D MmMi^zMLX^ji-(r)±% ^a^A y\^-fyx. 
I) I. V ^iiT ^■ S ^ yy^m o j; 5 1. t f/i9y&^ 

!> „ 0 5 7 T-^K L 3 mm.(^m^it^)\tMz^LX .1 

isa^}iffl^i> b . A y\i~f'y7.m;^m->fzwm& 

fcLT, mm06 1 (A) , (B) , (C)tO^a^ 
[0 1 6 0] 06 1 (A) a05 7 (A) {znBthm. 



(22) 5t^^t^>fcM<fc, \%^(T)i.ot£Ay^~'f 

yx^Wi^^mmth. 

/Co D2 - (2 3) 

- b • fj^h^im^fzmmmrii. 

[0 154] 

[iscis] 



- (2 4) 

^b-b' t^t^mmf^A ^~'JA y\^~^'yxii^ 

[0 156] 
[iScl9] 



r -(2 5) 

^'immmx. xtii:nmb'ib^t--ijimmmx. m 

m^cr)A > b-^-yxffiii. WWM^^^^co^ yh- 

-^-yxim^^xh'o. tfz. mif<Dmmcomm^ 
mi<^r yxm t . MM<Dmmim^<^r v s 
^yxmcomxSit. 

[0161] mmizme 1 ( b ) !405 7 ( b ) t 
fzme 1 ( c ) «0 5 7 ( c ) (TMikimmmxhi. 
06 1 (B) coWf^nm&^mmcom^x. m& 

«5ftM#ii?)r K 5 ^ yxim^^b^^-^x V . 

[ 0 1 6 2 ] 06 1 ( C ) co*i^i±Mii5a?*^'iI?0Mt?)*i 
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